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Methods of genetically modifying donor cell? 
bv "en- tranter for sira; ng into the central nervous 
s%Verr to trea^ disease, or damaged cell? are dis- 
closed The modified do - cells produce a molecule 
canahle of afiectine the r^overy of cells in the I NS. 
Methods and vectors for carrying out gene transfer 
and grafting are described. 
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GRAFTING GENETI C ALLY MODIFIED CELLS TO TREAT 
DIDEASES OF THE CENTRAL NERVOUS SYSTEM 



A z k n c v 2 e d c e r. e r. t of G o v e r n m e r. t 



Tr.is invention was "ace with Government support 
uncer Grant Contract No. NIA-06055 awarded by the Office 

NS-2-27S, :O-00££9 awarded by NIK. The Government has 
certain rights in this invention. 

Technical Field cf the Invention 

The present invention relates to the use of 
recombinant technology for genetic modification of den:: 
cells for crafting into the centra, nervous system (CNS) 
of r surv: rt to treat defects, disease or damage of th- 
CKi . Mcr - sp?c . f ically , the invention r latrs to th< 
insertion ci a gene encoding a molecule having ameliora- 
tive effects on cells including neurons into donor cells 
such tnat when the doner cells are crafted into the CNS 
the molecule is expressed and e::erts its effects on dis- 
eased or damaged cells. 

Background cf The Invent ic n 

Attempts to repair the mammalian brain or replace 
CNS function; resulting from defects or following disease 
or damage to the CNS are hampered by an incomplete under- 
standing of the complex structure-function relationships 
in th- CNS. Although knowledge of some basic principles 
of ce.l function in the brain has advanced greatly in 
recent years, understanding of interactions between clus- 
ters of cells or systems and cell circuits in different 
regions of the brain and their relationship to the out- 
ware manifestations of behavior and neurological function 
-ags : ar behind. Difficulties in approaching these prob- 
lems nave be:n caused, in part, by the large number of 
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different cell types in the mairjr.e 1 isn CNS and the number 
and complexity of their connections. In addition, the 
blood-brain barrier makes access to the brain for diagno- 
sis, treatment and the design of new therapies more dif- 
ficult. 



In spite of the absence of sophisticated knowledge 
of rath opr. ysiclocy :f ns.st normal c? e^rmal func- 
tions, some attempts at pharmacological therapy for CNS 
dysfunction have already become useful and effective. 
These. include the use of psychoactive drugs for psychi- 
atric disorders such as schizophrenia, and specific 
replacement therapy in the rare cases in which the bio- 
chemical and cellular bases of the CNS disorder are rela- 
tively better understood, as in Parkinson's disease. At 
the core cf most therapeutic approaches is the objective 
-of replacing or reactivating a specific cr. .mical function 
in th- brain that has been lest as a consequence of dis- 
ease or damage. 

Intracerebral neural grafting has emerged recently 
as an additional potential approach to CNS therapy. The 
replacement or addition of cells to the CNS which are 
able to produce and secrete therapeutically useful metab- 
olites may cifer the advantage of averting repeated drug 
administration while also avoiding the drug delivery com- 
plications posed by the blood-brain barrier. 
(Rosenstein, Scier,- ^ 225:772-774 (1987)). While the 
concepts and basic procedures of intracerebral crafting 
have been known for decades, most of the factors that 
optimize the survival of grafted cells have only recently 
come to be investigated and partially understood. 
<!3jorklund et al., in Neural Graf-inc , K the Mamm^i.n 
2£If ?• 709, Elsevier, Amste -dam ^1985;; Sladek et al., 
in Neural Transplants: Dev< rom- -r, and ^-^n Flemm 
Prs:s ' (-364)). Several factors critical for reliable 
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and effective craft survival have been idenci 
including the following: 



f ied, 



Ace of the dcnor: 



efficiency of crafting is 



reduced vith increasing age of doner cells. 



(2) Ace 



the host: 



ycu~c recipients accept 



c r \ f t s z.cy e 



than :1^: 



(3) Availability of neur enc t r oph i c factors in the 
host and donor tissue: wound- induced neurotrophic fac- 
tors enhance graft survival. 

(4) Immunological response: the brain is not 
totally an immunologically privileged site. 

; 5 ] The im; ortance of targe- -donor matching: neu- 
rc sur *:ve bet: r vh- n they art crafted no a site, vnich 
they vou.d normal, y innervate. 

(6) Vascularization: it is critical that the 
crafts be vascularized rapidly or otherwise sufficiently 
veil nourished from the environment. 

As thf.se critical factors have become recognized and 
optimized, intracerebral crafting has b-: come a valid and 
reliable tool for neurobiciog is ts in the study of ZS5 
function and potentially for clinicians for the design of 
therapies cf CNS disease. This approach has reached a 
1- - T el cf experimental clinical application in Parkinson's 
disease . 

Parkinson's disease is an age-related disorder char- 
acterized by a loss of dopamine neurons in the 
substant ia-nigra f the midbrain, vrich have the basal 
ganglia a - their major tar ^t organ. The symptoms 
include tremor, rigidity and ataxia. The disease is pro- 
gressive but can be treated by replacement of dopamine 
through the admi: -Strati on of pharmacological doses of 



WO 90/06757 



-4- 



FCT/US89/0555" 



the precursor for dopamine, L-DOPA, (Marsder., Trends 
Neurosci. 9:512 (1986); Vinken et el., in Hsr.dbook of 
Clinical Neurology p. 165, Elsevier, Amsterdam (1966)), 
although with chronic use of pharmacotherapy -he patients 
often become refractory to the continued effect of 
L-DOPA . There are many suggested mechanisms for the 
development of the refractory stare, but the simplest is 
tr.E-% the t5--.ie.-ts r = a = r. a "r^nclf of cell loss, vh.rein 
the remaining cells cannot synthesize sufficient dopamine 
from the precursor. 

Parkinson's disease is thi first disease of the 
brain for which therapeutic intracerebral grafting has 
been used in humans. Several attempts have been made to 
provide the neurotransmitter dopamine to cells of the 
diseased basal ganglia of .-arkinson's patients by 
homog rafting adrenal medullary cells to the brain of 
affected patients. (Backlund ft al., J^N -rcs.ro. 
62:169-173 (1985); Madrazo et al., New Snc . J . M»r . 
316:631-636 (1987)). The transplantation of other donor 
cells such as fetal brain cells from the substantia- 
tes, an area of the brain rich in dopamine-containing 
cell bodies and also the area of the orain most affected 
in Parkinson's disease, has been shown to be effective in 
reversing the behavioral deficits induced by selective 
dopaminergic neurotoxins. (Bjorklund et al., Ann. N.y. 
Acad. Sci. 4=:7:53-El (1986); Dunnett et al., Trends 
Keurosri - ^266-270 (1983)). These experiments ~suogest 
that synaptic connectivity may not be a requisite for a 
functional graftand that it may be sufficient to have 
cells constitutively producing and secreting dopamine in 
the vicinity of the defective cells. 

With this background, it se-T.s likely that 
Parkinson's disease is a candidate disease for the trans- 
plantation of genetically engineered cells, because 
(1) the chemical deficit is well known (dopamine), 
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(2) the human and ra: ceres for the rate-i im: t i ng enzyme 
ir. the production cf dcpam : re have beer cloned (tyrosine 
hycrcxyl ese ; , (2, the anatomical localization c: the 
affected region ras been identified (basal ganglia), and 
4) synaptic connectivity does not appear tc be required 
for complete functional restoration. 

Th* recent demonstration cf r e r. ::rp:-en:s m a 

rapidly growing list c: other CNS diseases, including 
Huntington's disease, ( Gusella et al., Nature 3 0 6:234-235 
( 1 2 £ 3 ) ) Alzheimer's disease, (Delabar et al., Science, 
N 235, :1390-1292 (1567); Goldgaber et al., Science, 
rj\ 22 5 :S"-880 (1957); St. George-Hys lop et ai. f Sci- 
t , N'.Y. 225:855-890 (29S7); Tenzi et al., Science, 
y>Y> 233:560-634 (1987)); bipolar disease (5a -on et al., 
N ture 226:259-292 (19E7)); schizophrenia (Sherrington et 
al., :>'5:ur- 236:154-167 (19SE) and many other ma j or human 
disease., suggests that these Direr CNS diseases will 
eventually become accessible to c-- ne therapy approaches. 

In parallel to the progress in neurobiology during 
the past several decades, advances in an underst ancinc of 
molecular biology and t ;. e develop: ent of sophisticated 
molecular genetic tools nave provided new insights into 
human disease in general. As a result, medical scien- 
tists and geneticists have developed a profound under- 
standing of many human diseases at the biochemical and 
genetic levels. The normal and abnormal biochemical fea- 
tures of many human genetic diseases have become under- 
stood, the relevant genes have been isolated and charac- 
terized, and early model systems have been developed for 
the introduction of functional vild-type genes into 
mutant cells to correct a disease phenotype. (Andersen, 
Science 226:401-409 (1964)). The extension of this 
approach to whole animals, that is, the correction of a 
disease phenotype _in vivo through the use of the func- 
tional gene as a pharmacologic agent, has come to be 
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called "gene therapy". (Friedmar.n et al., Scienc* 
175:545-955 (1S72); Friedmann, Gene Therapy I nd Fic _ 

Hon, Cold Spring Harbor Laboratory, New York (1S63)). 
Gene therapy is based on the assumption that the correc- 
tion of a disease phenotype can be accomol ished - th- by 
modification of the expression of a resident mutant oens 
or the introduction of new genetic information into 
i6 - estiv4 - £smac*:L csll* cr organs v j vo . 

At present, techniques for the ideal versions o-' 
gene therapy, that is through site-specific cene secuen- 
correction or replacement ^ vitro, are just becinninc to 
be conceived but are not yet well developed. The-efo-e 
most present models of cene therapy are actually aen-ic 
augmentation rather than replacement models and ~ly on 
the development of efficient g-r ne-tran: f er systems to 
introduce functiona_, vile- type c- netic information into 
genetically defective cells in vi^ro and in ^ To b* 
clinically useful, the availability of efficient delivery 
v- ctcrs for foreign DNA sequences (transcenes) must be 
combined vith easy accessibility of suitable disease- 
related target cells or organs and with the development 
cf techniques to introduce the vector stably and safelv 
into those target oils. 

Model systems for the genetic and ohenotypic co-— - 
tion of simple enzymatic deficits are now beinc d=v^op*d 
anc studied, as is the identification of the aoDroor-'a"^ 
potential recipient cells and organs associated vith so<- 
cific metabolic and genetic diseases. Evidence has 
recently been obtained to show that foreicn aenes in--o- 
cu=ed into fertilized mouse eggs can correct disease oh*- 
notype. (Const^ntini et al., Science 223 :1152-^94 
(198S): Mason et al., Science 234:1272-1378 (1966); and 
Reacnead et al., Cell 4S:7G3-712 (1567)). 
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A greet ceal cf attention has recently been oaid - c 
tne -jse of gene delivery vectors derived from murine 
retroviruses (Anderson, Science 22£:4C1-4C= (2554; 
Gi " C ^ e * £l ' ^techniques 4: 504-512 ; 1 S E £ ; ) fcr ? -e 
transfer at :a;er stages cf development. Gene transfer 
in i^ro using such retroviral vectors is extremely effi- 



— * w c: w rsnri. . ; r e r i ~ : ~ ■ — ~ ^ - - 0 v _ 



: or r 

: suitably large capacity for added genes, and 
.ion v:rr. their, does little 



£ce to recipient cells 



-e metabolic cr genetic darr:- 



.Shimotohno et al. , Cel 



TSb1 "- * : £l " ^-ec. Cell, 2:426-435 (1SS2)). s*v- 

P 1 vr-'nl ^ _ _. 

_ neve ae^onst rated that the expression 

or gene.; introduced into eel: - by means c-' retroviral 
vect-r £ car. correct metabolic aberrations in vitro in. 

^ r * * - c - nur^a n c e n e c " ~ d^'c.-^c - - ~ ^ „ .* _ ... 

c-.-Sww.oi' v::n sine le- 
gend enzyme deficiencies 



AC3 "- " : - us -£ S3:5363-£5d7 C96t); Willis et 



".toff et " r - . V ~ - r . 



^Ic^Zhen^ 259:7842-7849 (1964)). There has been 



- target 
of the 



particular interest in bone marrow as a poten 
organ for this approach to gene therapy becau. 
prevalence and importance of disordered' bone mar-ov- 
ce-ivec cell lineages in a variety of major human, dis- 
eases, including the thalassemias and sickle-cell anemia, 

-•aucher's di:«ase ~n ; _ ~- 

8se ' — on.w s .c..jiometcus cissase (CGD) 

and iircnunodefiriency disease r- suiting from deficiencies 
"f^the purine pathway enzymes, adenosine deaminase ( ADA) 
anc purine nucleoside phosphoryl ase (?n?) (Kantof-', 
s^2Zs; Mclvor et al., Mole;. Cell. * •• ~* 7:836-845' 

-96/); Soriano et al., Science 234:1409-1413 (196c)- 
W " ihS 6 " £l " ^^ }) - Othsr n-tabolically im?crtant 
target organs, such as the liver, have also recently 
become theoretically susceptible for genetic maniaul- on 
tnrough tne demonstration of infection c cells from s-h 
organs with viral vectors (Wolff et al., ?roc. »; = -'- 



A-ad. 5ci. yrA 84:3344-2348 (1957)). 



Fur t h e rmc re, the 
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axscovery of numerous cell-specific regulatory siana- 
such as exacting enhancers, tissue-specific promoters 
anc otner sequences may provide tissue soecif^ qp^ 
expression in many other organs even after cental "non- 
specific infections and gene transfer -n vivo (Rhou-y - 
al., Cell 33:313-314 (1963); Serflin et al., ^o rds * 
Genet. 1:224-230 (1985)). 

A recently developed mode: of gene theraov uses tar- 
gee cel^s removed from a subject, placed in cu^u- 
genetically modified in vitro, and then re- imp! anted into 
th* subject (Wolff et al . , Rheumatic Pi., n-n 

14(<;:4=9-477 (1986); Eglitis et al. Biot^n~ 

6:606-614 (1968); Ledley, J. Pecia^-- 110 :l-8 (1987) ) . 
^rget cells have included bone marrow stem cells (Jovr^ 
et al., Nature 305:555-555 (19E2); Miller et a^ 

; 2 ;;; 3 r £ : 2 . (:9£4); wi:iisms - ^ zici^^T 

> 84,); ttoroblasts (Selden et al., Sci^ 236:714-716 
U95,); carver et al., Proc_^N 5 t'l. Aca^.. : , c » 
84:1050-1054 (1987) and St. Lou is et al., D ~ 0 , ^ . . 
" aC ' 1=1 • U?A 85:3150-3154 (1986)), keratinoevt^s 
Morgan et al . , Science 237 : 1476-1479 (1957)) and 
ne.-atocytes (Wolff et al., Pros. Nat ■ t - s -- * T -, 
84:3344-3348 (1987)). Thls indirect appro^ lt'lr~Xo 
gene transfer is necessitated by the inability :o~-^T 
:er genes efficiently directly into cells in v *v~ 
Although there has been some recent progress lepras 
genetically modifying neurons in culture ( 3e n B , - x 
licence 241:1567-1669 (1988);, this indirect abroach of 
^ vivo gene transfer has not yet been allied" "to th« 

CNS. 

There are several vays to introduce a nev func-=on 
into target =.U, in the CKS in a =h< notypic.llv ^ 
«7 i.e. to treat defects, disease or dysfunction 
>--iS. 1). Th, nost direct approach, which classes 
need for cellular grafting entirely, is the Introduction 
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ci a transcene directly into the cells in which that 
:unct:or. is aberrant as a consequence of a developmental 
or genetic defect, i.e. neuronal cells in the case of 
Tay-sachs disease, possibly lesch-Nyhan disease, and 
Parkinson's disease (l f in Fig. 1). Alternatively, a new 
function is expressed in defective tarcet cells bv intro- 

u c i n c a genetically r. o d i f i e d donor c ~ 1 1 that could 
establi:n tight junction or other contacts with the tar- 
get cell (2, in Fig. 1). Some such contacts are known 
permit the efficient diffusion of me t abol i call v 



.o 



important 

small molecules from one cell to another, leading to phe- 
rotypic changes in the recipient cell (Lowenstein, 

^ ' ri^l^ 1 r P ■ nn'r uc ?. ^ +■ *r Z. ~ r\ r ' - r / ^ n *-> o \ \ — • • 

— — - ~ - • t - ' — . ^ww.--uu *;ns process 

has been Cc.lec '"'metabolic co-operation" and is known co 
occur between fibroblast and glial cells (Gruber et al., 

— .^c-. ,^^_^y ^ c::e:.^-ioct) (j.9E5) ; , 

although it has not yet been demonstrated conclusive!- in 
neurons. S-ilI other donor cells could express and 
secrete a diffusible gene product that can be taken ur 
and used by nearby defective tarcet cells ( 2 , in Fig. 1 ) # 
Tne conor cells may be genetically modified in vitro c 
alternatively they may be directly infected vivo U 
in Fig. 1). This type of " co-opera; i vi ty " has been de 
onscratel with CNS cells, as in the case of NGF-mediat-. d 
protection of cholinergic neuronal death follow mo CNS 
damage (Kefti , Z. Neu~ sci. 5:2155 (1965); Williams et 
al., Pro: ;:at'l. Acsh. Sci. USA 52:9231-9235 (2936 ) ) . 
Finally, an introduced doner cell infected with not onl- 
replicat : cn-def ect ive vector but also replication-compe- 
tent hel -: r virus, could produce locally high liters of 
progeny vi-us that might in turn infect nearby target 
cells to provide a functional new transcene (5, in 
rig. 1). 

There are several types of neurons in the mammalian 
brain. Cholinergic neurons are found within the mamma- 
lian brain and project from the medial seotum and 
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vertical limb of the diagonal band of Broca to -he 
n.ppocampal formation in the basal forebrain. T fc. sho" 
nerve-li k e portion of the brain connecting the medial "' 
septum and vertical limb of the diagonal band with 
h.ppocampal formation is termed the "fimbria *orr=r" " 

T' : imb -: u £ornix ^« ..=». of -.he 

loca.ec ln the medial septum, and diagonal band. ,„ 

« r n,« Bi a: £; ntaror . sur , Svs: ^ ^ „ ;he lttrvivti 

o- s«,.._ cncnergic neurons after fimbria fornix t-an- 

:T° n °i us ™ "-tom y ..,. Axot _ : 

- -ne cho,:ner g ic neurons i„ the septu™ and diaoinal 
: a ° r "' Jlt£ In ^ »«th of up to one-half of th- 

. ._, . • - C £u PP° r - -™ nerve growth factor (NGF) , 
;!!:; ? n ° r ~"' — P~ted retrocradelv i„ th , ^.li, 

ooces (korsching et al.., r>- OC i - ■ " 

S£^A 83:817 ,1 986); Sn6lton „ ^TZT^ft^. 
^JJM 83,3714 Labors et A' ^JZleJ * ' 

,„„„ and £silor et a ,, ^J/i-f— 3 

admip £tUdieS Sh ° Wn th " = intra-vent.-icular 
T ""'- 10n ° f N6P b ' fo --« «oto»y will o-»ven- 
cholmercic neuron death in the septum (Heft* 
^Jiiurosci, 6:2155-2162 (1986); Williams =- al 
ttVl A^ rtl ^ 83.J231 (1986,; Kroner"," Sc.*^ 
2^5:214 (1987); Gaae = ► a i - „„„ „ ~ * 

(- 988)1 p- ■ • . " N°p- r i_ 269:147 

(-988)). Flm=ria fornix transeetien 

^.r* 1 . 6 "™ l <"-»° « Point, in : „. thT 

It vould be advantageous to develop procedures fo- 
gene transter vl . efficient vectors followed by 
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.rtracerebral crafting cf the genetically modified cells 
vivo to treat disorders cf the CNS . 



Summary of the Invention 

The present invention provides methods for treating 
:t£. disuse cr damage of cslls in the central nerv- 
ous syztem by crafting genetically modified donor cells 
into the central nervous system to produce a molecule 
that directly or indirectly provides an ameliorative 
e'fect on the . The cells may be modified using viral or 
retroviral vectors containing an inserted therapeutic 
-.ransgene encoding a product which directly or indirectly 
affects the cells, or by ether it thods of introducing 
foreign DNA into a cell. The ctlls may be cultured and 
— -ected in suspension into th-: central nervou£ system 
and may b= co-admin istered with a therapeutic agent for 
treating disease or damaged cell: in the central nervous 
system. The methods include grafting accompanied by 
implanting of material to facilitate reconnection or ame- 
liorative interactions of injured neurons. 

*Hf»f Descrioticn cf tr e Drawir.cs 

Fig. 1 is a diagrammatic representation of methods for 
introducing and analyzing the effe t of a new function 
into target cells. 

Fig. 2 is a diagrammatic representation of strategies for 
introducing a new function into target cells in the CMS 
using genetically modified donor cells. 

Fig. 3 is a diagrammatic depiction of the preparation of 
transmirable retrovirus vectors containing a transcens. 
(CAG=group specific antigen; Er.v=envslope ? ?QL=reverse 
trsr.se: iptase ) . 
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Fig. 4 is a diagrammatic representation of th« ^n-a- 
restriction maps of the integrated vectors LSAPALM^nd 
pLNKL-2 as described in Example I, inf^ ( £rrovs indl . ce _ e 
tr.e location of the promoter and the direction of t-a- 
£:::?:!Cn - The di =5onalIy hatched box of ISAPALM -re- 
sents tr.e human HPRT cDNA encoding a protein with a nov*l 
termina, hexapeptide added by ^ vitro mutagenesis. 
cr. ? terminal repeat). 

Fig. 5 is a depiction of the circular restriction mao of 
vector pLNHL 2 as described in Example I, jr.fra. * " 



is Photomicrographs of primary rat fibroblasts 
previously infected with hypoxanthine ouar.ine 
phospnoribosyl transferase (H?rt) that hav e 
-Planted in rat basal ganglia as described in Examole l, 
^=Z£. ^- r c = anti-fibror.ectin; B,b==r~ -1 violet; " 
C,c-GFA?; magnification: A-OS6X; a-c=44CX). 

Fig. 7 is photographs of isoelectric focusinc eels 'or 
KPRT enzymatic activity of brain extracts fromW car- 
clia as cescribed in Example :, , infra. 

Fig. S is a depiction of the circular restriction ma, of 
vector pLLRNL as described in Example II, infra . 

Fig. S is a depiction of the circular restriction man o" 
vector p??.i £S described in Example II, infr£ . * ~ 

Fig. 10 is a depiction of the circular restriction mao of 
vector pUCRK as described in Example II, infra. 



Fig 



11 is a diagrammatic depiction of th- H n «ar 
restriction map of the integrated NGF retroviral v^ 0 . 

ifT 1 * C ° n "- £inin3 777 b2SS Hgal-Pstl foment 

o ; mouse nerve growth factor (NGF) cDNA under control o* 
^ne viral 5' long terminal repeat as described in ' " 
Example :i, infra (arrows indicate transcription initia- 
-on si.es; LTR^long terminal repeat; psi (*) = retrovWl 
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packaging signal; RSV = Rous sarcoma virus promoter; 
neo'— neomyc in-res istance gene marker.) 

Fig. 12 is a c p i c t i c n of the circular restriction map of 
vector pLN.ERNl as shown in Figure 11 and described in 
Example II, infra. 

r ig. 1> r:.c - cmi cr graphs s : immunch i s tc chemi lal stain- 
ing for fibron-ctin and ChAT as described in Example II, 
i nf ra ' A , B =:ibronect:n staining in fibroblasts grafted 
into the fimbria fornix cavity; C-F = coronal secticns 
taker throuth the medial septum of tissue stained for 
ChAT ; A , C r E = animal with graft of retrovirus- infec; -^d 
cells; E , D , F = animal with gra'ft of control cells; m gni- 
fication: A and 5 = IIX; C and D = 70X, S and F = 220X) . 

F.c. 14 is a graph snowing /urvival of ChAT - 
imumunoreac" ; ve Zi lis in the septum, of a rat in the pres- 
ence and absence of NGF as described in Example II, 
Lira. 

Fig. 15 is photomicrographs of acetylcholinesterase 
histochemistry as described in Example II f inf ra (A = low 
power magnification cf an animal grafted with 
NGF- infected donor cells; C = higher power magnification 
of A through the medial septum? E = high power magnifica- 
tion cf A through the dorsal lateral quadrant cf the sep- 
tum; B,D,F animal grafted with control cells as described 
fcr A, C and E; magnification: A, 3 = 20X; C-F = 22CX) , 

Fig. 16 is a diacrammat ic depiction of the linear 
r^rtriction map of pLTHRNL retroviral integrated vector 
as described in Example III, infra (arrows indicate t: e 
lecation c the promoters and the direction of transcrip- 
tion; 1TR = long terminal repeat; RSV = modified RSV pro- 
moter; Neo® = necmycin-res istance gene marker). 
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?:c. 17 is a depiction of the derivation of v^cto- 

" ' hcWB to p£s - 15 - - «n, 



Fic 16 is ? hotomiere ! r.ph, of fibroblast oraf-s -o .... 
:7 tS SnCV:ns -—tin i TOU nor„ctivi: y £s tH'*' 

i-i, ^n^a imagni: zcacion: * r = ^nv. = ^ 
2CX) . • _uX; 3,D = 

tetion in 4 exD-n-m— i J P° s t-trar.spian- 

trol fl nn / -igu.e. placement of c 



on* 



trol and TE-ir.-o-t^c nr-'fr * 

--i— ,• i„ diC8te st£ndard dtvt :;^ ;» 1 
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Detailed Description of the Invention 

In order that the invention herein described mav oe 
more fully understood, the following detailed description 
is set forth. 

The present invention relates to a process for 

tral nerves system (CNS) to treat disease or trauma cf 
the CVS . More particularly, the invention relates to the 
us^ of vectors carrying foreign gene inserts (transcenes) 
to modify donor cells to produce a molecule that is capa- 
ble cf directly or indirectly- affecting cells in the CNS 
to repair damage sustained by the cells from defects, 
disease cr trauma. Preferably, for treating defects, 
disease or damage of cells in the CNS, donor cells such 
as fibroblasts are modified by introduction of a 
retroviral vector containing a t ranscene , for example a 
gene encoding nerve growth factor (NGF) protein. The 
genetically modified fibroblasts are grafted into the 
central nervous system, :or example the brain, to treat 
defects, disease such as Alzheimer's or Parkinson's, or 
in j ury from physical trauma, by restoration or recovery 
of function in the in;ured neurons as a result of produc- 
tion of the expressed transcene product from the aeneti- 
c s 1 1 v modified donor cells. 

Gene Transfer Into Donor Cells In Vitro 

The strategy for transferring genes into donor cells 
ir\ vitro is outlined in Fig. 2 and includes the following 
basic steps: (1) selection of appropriate model 
"reporter" genes or transgenes whose expression is corre- 
lated vitn CNS disease or dysfunction; {2) selection and 
development of suitable and efficient vectors for oene 
transfer; (2) preparation of donor cells from primarv 
cultures or from established cell lines; (4) demonstra- 
tion that the donor implanted cells expressing the new 
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function, are viable and can express the trar.sgene product 
stably and efficiently; (5) demonstration that the* trans- 
plantation causes no serious deleterious effects; and (6) 
demonstration of a desired phenotypic effect in the host 
animal . 

Genetic Modi fication of Donor Cells 

Ths methods described belov to modify donor cells 
using retroviral vectors and crafting into the CNS are 
merely for purposes of illustration and are typical of 
those that might be used. However, other procedures may 
also be employed, as is understood in the art. 

Most of the techniques used to transform cells, con- 
struct vectors and the like are widely practiced in the 
art, and most practitioners are familiar with the stand- 
ard source materials which describe specific conditions 
and procedures. Eovevf r , for convenience., the following 
paragraphs may serve as a guideline. 

Choice of Vg^nr 

pAlthough other vectors may be used, preferred vec- 
tors for use in the methods of the present" invention are 
viral (including retroviral) vectors. The viral vector 
selected should meet the following criteria: 1) the vec- 
tor must be able to infect the donor cells and thus viral 
vectors having an appropriate host range must be 
selected; 2) the transferred gene should be capable of 
persisting and being expressed in a cell for an extended 
period of time without causing cell death for stable 
maintenance and expression in the cell; and 3) the v— or 
should do little, if any, damage to target cells. Murine 
retroviral vectors offer an efficient, useful, and ores- 
ently the best-characterized means of introducing and 
expressing foreign genes efficiently in mammalian cells. 
These vectors have very oroad host and cell type ranges, 
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:r:e:ra:e r>y reasonably vs.. unce rstooc mecnar. : sms in 

* genome, express genes stably 
.y, and under most conditions dc not kill or 



obviousl v dcnaae their host cells 



General Methods for Vector Construction 



desired therapeutic gene coc:ng and control sequences 
employs standard ligation and restriction techniques 
which are veil understood in the art (see Maniatis et 
aL , in Molecular Cloninc: A Laboratory Manual , Cold 
Spring Harbor Laboratory, New York ( 1S62 ) ) . Isolated 
plasmids, DNA sequences, or synthesized oligonucleotide- 
are cleaved, tailored, and religated in the form desired. 

£ i t e-spec i £ ^ c DNA cleavage is z er f or ".-d bv treatinc 
with the suitable restriction en: ym e (or -nzyms) under 
conditions which are generally understood in the art, and 
the particulars of which are specified by the manufac- 
turer of these corrjnerc i ally available restriction 
enzymes. (See, e.g. New England Eiolabs, Product Cata- 
log.) In general, about 1 ug of plasmid or DNA sequences 
is cleaved by one unit cf enzyme in aoout 20 \il c buffer 
solution. Typically, an excess of restriction enzyme is 
used to insure complete digestion of the DNA su;:; crate. 
Incubation times of about one hour to two hours at about 
2 7 °C are workable, although variations can be tolerated. 
After each incubation, protein is removed by xtraction 
with phenol/chloroform, and may be followed by ether 
extraction, and the nucleic acid recovered from aqueous 
fractions by precipitation w i t h ethanol. If desired, 
size separation of the cleaved fragments may be pe - : c rmed 
by polyacrylamide gel or agarose gel electrophoresis 
using standard techniques. A general description of size 
separations is found in Methrds in Er.zvmolcov £5:45 9-560 
(13SC) . 
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Res-.riction cleaved fragments may be blunt ended by 
treating with the large fragment of £. ccli DNA poly- 
merase I (Kienow) in the presence of the four ceoxynu- 
cieotide triphosphates (dNTPs) using incubation times of 
aoout 15 to 25 ruin at 20'C to 25°C in 50 mM Tris (c* 7 6) 
c0 mM NaCl, 6 mM MgCl 2 , 6 mM DTT and 5-10 p M dN^ £ ^ 
Kienow fragment fills ;„ at 5' sticky ends but chews ba^- 
preluding single scenes, ev & , , n , ugh t , £ ^ 
are present. If desired, selective repair can be De- 
formed by supplying only one of the dNTPs , or with" 
selected dNTPs, within the limitations dictated by the 
nature of the sticky ends. After treatment with Kienow 
the mixture is extracted with phenol/chloroform and etha- 
nol rrecipi-ated. Treatment under appropriate conditions 
v:tn SI nuclease or 3al-31 results in hydrolysis of any 
single-strands d portion. 

Ligations are performed in 15-50 ul volumes una- 
the following standard conditions and temperatures: 20 mM 
Tris-Cl ? K 7.5, 10 mM MgCl 2 , 10 mM DTT , 33 ng/mi B^A 
IC mM-50 mM Nad, and either 40 uM ATP , 0.01-0.02 r W l^> 
units T4 DNA ligase at C'C (for "sticky end" lioationTor 
1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA i ios „ E I n4 c 
(for "blunt end" ligation). Intermodular "sticky end" 
ligations are usually performed at 33-100 vgM1 total DNA 
concentrations (5-100 nM total end concentration) 
Intermodular blunt end ligations (usually employing a 
xO-30 roid molar excess of linkers) are performed at 1 uM 
total ends concentration. 

In vector construction employing "vector fraoments", 
tne vector fragment is commonly treated with bact-ria^ 
alkaline phosphatase (EA?) or calf intestinal alka^n- 
Phosphatase (CIP) in order to remove the 5' ohosohl^and 
prevent religation of the vector. Digestions are cor- 
auctec at pH 8 in approximately 150 mM Tris, in the nr^s- 
encs of Na+ and Mc+2 using about 1 unit 0 f 3 AP or D<= - 
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mc of vector at 6C C C for about one hour. In order to 
recover the nucleic acid fragments, the preparation is 
extracted with phenol/chloroform and ethane! precipi- 
tated. AitT mat ively , relication can be prevented in 
vectors which have been double digested by additional 
restriction enzyme digestion of the unwanted : r c -mer.ts. 

For portions of vectors derived from cDNA or genomic 
DKA which require sequence modi: .cation: , site-specific 
primer directed mutagenesis is used. This is conducted 
using a primer synthetic oligonucleotide complementary to 
a single stranded phage DNA to be mute ^enized except for 
limited iuj.SiT.ctch-.ric, represent i n c tne ces-red iru -at ion. 
briefly, the synthetic oligonucleotide is used as a 
prime - to direct synthesis of a strand complementary to 
the p: ace , * nd the r- suiting double-s r -anded DNA is 
trans. ormed into a phage-support inc ru t bacterium. Cul- 
tures of the transformed bacteria are plated in -op agar, 
permitting plaque formation from single cells which har- 
bor the phage. 

Theoretically, 50% of the new plaques will contain 
the phage having, as a single strand, the mutated form; 
50% will have the original sequence. The resulting 
plaques are hybridized with kinased :ynthetic primer at .a 
temperature which permits hybridization of an exact 
match, but at which the mismatches with the original 
strand are sufficient to prevent hybridization. Plaques 
which hybridize with the prooe are then picked, cultured, 
and the DNA recovered. 

Methods of preparation of retroviral vectors have 
Preparation tf Retroviral Vectors been described ! Yee et 
al. Told Stripe Harbor Svmo. on Cuant. Biol. Vol. LI, 
pp. 1321-1026 (1S8S,; Wolff et al., ?roc. Nat'l, ^cad, 
5ci. USA 84:3344-3343 (1957); Jolly et al., Me: -., in 
Enzvmcl. 149:10-25 (1957); Miller et al., Mol. ~ell. 
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Eiol^ 5:431-437 (ISS5); and Miller, et al., Mol. Cell. 
Biol. 6:2655-2902 (1986) end Eclitis et al., 
Biotechniaues £:50£-614 (1S68) ) and are now in common use 
in many laboratories. Retroviral vectors contain 
retroviral long terminal repeats (LTRs) and packaging 
(psi) sequences, as veil as plesmid sequences for repli- 
cation in bacteria and may include other sequences such 
as- the 6 .£5ly prone- sr and enhancer f-r potential 

replication in eukaryotic cells. Much cf the rest of the 
viral genome is removed and replaced with other promoters 
and genes. Vectors are packaged as RNA in virus parti- 
cles following trans feet ion of DNA constructs into rack- 
aging cell lines. These include psi (?)2 which produce 
viral particles that can infect rodent cells and t|>am and 
?A 12 which produce particles that can infect a broad 
range of species. 

In a preferred viral vector th--- transgene is broucht 
under the control of either the viral LTR promoter- 
enhancer signals or of an internal promoter, and retained 
signals within the retroviral LTR can still bring about 
efficient integration of the vector into the host cell 
cenom* . To prepare transmissible virus (Figure 3), 
recombinant DNA molecules of such defective vectors are 
transfected into "producer" cell lines that contain a 
provirus expressing all of the retroviral functions 
required for packaging of viral transcripts into trans- 
missible virus particles, but lacking the crucial packag- 
ing signal Y f or encaps idation of RNA transcripts of the 
provirus into mature virus particles. These include the 
croup specific antigen (GAG) and envelope (ENV) genes 
which encode capsid proteins and reverse transcriptase 
(POL). Because of this deletion, transcripts from the 
helper cannot be packaged into viral particles and the 
producer cells, therefore, generate only empty virus par- 
ticles. However, an integrated defective retroviral "vec- 
tor introduced into the same cell by means of calcium-"" 
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phcspna te-medi at ed ...r.s:ec::: r. ( Graham and Vander Eb , 
Virol. 52:4 56-467 (IS" ) ) in which the GAG , ENV and ?C1 
oer.es have been replaced by the crarscene (X) vita the 
intact ps : sequence , produces transcripts that can be 
tackaced in trans since they do contain the packaging 
recuence. The cells contain 2 provirus sequences i n t e - 

rate-d into cifferen sites c: the host ctli cer.om*. 
Because ?. > A transcripts iron the nevly introduced 
crovirus contain the packaging sequence they are effi- 
ciently "neaps i cat ed into virus particles by means of 
viral functions produced in trans . Ideally, the result 
is the production by tne cells of infectious particles 
carrying the transge*: free of repl i catio;~:-wumpett;:»t 
* : Id-type helper virus. In most, but not necessarily all 
rode Is of gene therapy, the production of helper virus is 
probably unde: irable since it may lead tc sp eadinc 
infection and poss inly pro! i : ? rat ive disease in lympno id 
or other tissue in the host animal. 

£ ^ nee herpes viruses are capable of establishing a 
latent infection and an apparently non-pathogenic rela- 
tionship vith some neural cells, herpes based vectors, 
e.g. HSV-I, may be used. Similarly, it should be possi- 
ble to take advantage of an eventual improved understand- 
ing of other humand and animal viruses that infect cells 
of the CNS efficiently, such as rabies virus, measles, 
and other paramyxoviruses and the human immunodef iciency 
retrovirus (HIV), tc develop useful delivery and expres- 
sion vectors. In most cases, vith the exception of 
rabies virus, these viruses are not truly neurotropic for 
infection, but rather have a much more general suscepti- 
ble host cell range. They se,m, rather, tc appear to b^ 
neurotropic because the metabolic and physiological 
effects of infection ar* most pronounced in cells of the 
CNS. It is, therefore, likely that many vectors derived 
from these viruses will be similarly promiscuous in their 
cell range, and that CNS specificity for expression must 



WO 90/06757 



PCT/US89/05557 



be conferred by the use of appropriate cell-specific 
enhancer, promoter and other sequences, such as those 
that regulate the ol igodendroc 1 i al-spec i f ic expression of 
JC virus, clial-specific expression of the croteo-oid 
?rotein and glial fibrillary acidic protein (GFA?) c*n=s 
anc ether possible CNS specific functions in the mouse. 

Other virus vectors that may be used for csr.s trans- 
;~r into ceris for correction of CNS disorders " include " 
retroviruses such as Maloney murine leukemia virus 
(MoMuLV); papovaviruses such as JC, SV4C, polyoma, adeno- 
viruses ; ^Epstein-Barr Virus (33V); papilloma viruses, 
e.g. bovine papilloma virus type I (B?V); vaccinia- 
rabies and poliovirus and other human and animal "viruses . 

A possible problem posed by the use of def«ctiv* 
viral vector: is the potential for the eventual emereence 
or "rescue of pathogenic, r~?l icat ion-ccmoetent , v< lc- 
type virus by recombination vith endogenous -.rus-like or 
other cellular sequences. This possibility can be 
reduced through the elimination of all viral regulatorv 

sequences not needed for the < rrf *» c * ; «-> e *-Kir 

wiie — ection, staoil izat ion or 

expression of the vector. 

In addition to the above-described methods for 
inserting foreign DNA transgenes into donor cells oth*- 
methocs may be used. For example, non-vector m-ho^s 
include nonviral physical transection of DNA into c-*i«. 
xor example, microinjection; electrooorat ion (Ton«gu"o ' 
« el- Molec. Cell. B *m 6:703-706 (1986)); chemically 
mediated transection such as calcium phosphate 
transection (Graham et al., Virol. 52:456-467 P 973))- 
liposomal mediated transfection ana other methods known 
in ths art. 
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Znoice of conor cells 

The choice cf donor cells for implantation depends 
heavily on the nature of the expressed gene, characteris- 
tics of the vector and the desired p-enotypic result. 
Because retroviral vectors are thought to require cell 
division and DNA synthesis for efficient infection, inte- 
gration and cen£ expression .Weiss et ai . , "is A Tunic r 
viruses , 2nd Ed., Weiss et al., eds . , Cold Spring Harbor 
Press, New York (1985 )), if such vectors are u^ ed the 
donor cells are preferably actively growing cells such as 
primary fibroblast culture or established cell lines, 
replicating embryonic neuronal cells or rpp] icsting adult 
neuronal c lis in selected areas such as the olfactory 
mucosa and possibly developing or reactive clia. Other 
suitable donor cells ..nclude fibroblasts, neurons, glial 
cells, >:e -at inocyt ei , hepatocytes, , connective- tnue 
ceil- , ep. ndymal cells, chromaffin c.ils and other mamma- 
lian cells susceptible to genetic manipulation and graft- 
ing using the methods of the present invention. The 
application of methods to induce a state of susceptibil- 
ity in stationary, non-replicating target cells may make 
many other cell types suitable targets for viral 
transduction. For instance, methods have been developed 
that permit the successful retroviral vector infection of 
primary cultures of adult rat hepatocytes, ordinarily 
refractory to infection with such vectors, and similar 
methods may be helpful for a number of other cells (Wolff 
et al., Pro:. Nat T l Acad. Sci. USA 84:2344-3346 (1987)). 
In addition, the development of many other kinds of vec- 
tors derived from herpes, vaccinia, or oth* r viruses, as 
veil as the use of efficient, ncn-virai methods for 
introducing DNA into dtnor ceils such as the recently 
developed eiectroporat ion technique, ( Tonecuczo et ai., 
Molec. Cell. Biol. 5:703-706 (1SB6)) may be used for gene 
transfer into many other cells presently not susceptible 
to retroviral vector infection. 
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Mechanisms of Qh^o typic Correction bv Donn , r&1 ,, 



IRQ 



The methods of the invention contemolate <n--a- 
"rebral grafting of donor cells containing a transcene 
insert .o the region of the CNS having sustained, a^-ct 
disease or trauma. 

Neural transplantation or "grafting" involves t-ans- 
antat.on of cells into the central nervous system 

6 ventr.cular cavities or subdurally onto th t sur- 

T .* ° OS -- brain - Conditions for successful t-ans- 
P antat.on include: 1) viability of the 

tTSt°* ° f "" He 9raft " Site ° f P'anation; 
-n. 3) m„ IBUm amount of pathoiogica! reaction at th- 
s:te oi transplantation. 

Methods for transplanting various nerve tissues - 0 . 

"T^r e brain ti£sus - int ° h »" " 

----c, Cn. 4, pp. 31-40; Stenevi et al., Ch ' 

??• 41-50; Brundin et al. ch 6 -i 

, ' uu 6 ' PP- =1-60; David et 

• 7 \ pp - 61 - 70; s « : *«. PP . n „„ um , 

norporatea by reference herein. These procedures 

n-s. o.am (as compared to outside the brain or 
axtraparench^al transplantation) achieved by ini^or 
- option of tissue vithin the host brain so Is"'^ 

host h-ir. -^-Cing _ ne oonor cell- „i; hin th6 

' P»"»«y»- or 2, preparing a cavity by suro- 

: =1 means to expose the host brain parenchvma and tw" 
aepos.t.ng tne graft into the cavity l^^^ 



WO 90/06-5" 



PCI7L SS9 M<555~ 



me t noes p rcv.ee parenchymal eppes i c i or berv^en the craft 
and host brain tissue at the tine of craft:: i-, and been 
r a c i * 1 1 a t e a n a t err. : c a _ i r t e * r a 1 1 c n b e t v e e r. t h e craft and 
host brain tissue. This is cf importance if :t is 
required that the craft become an integral part cf the 
host ora:n and to survive for the life of the host. 

Alternatively, the era:: may b€ placed in a ventri- 
cle, e.g. a cerebral ventricle cr subdurally, i.e. on the 
surface of the host brain where it is separated from the 
host brain parenchyma by the intervening cia mater or 
arachnoid and pia mater. Grafting to the ventricle may 
be a ceompl i i ned by injection of the donor cells c - hv 
crowing the cells in a cur; crate such as 3C% collagen to 
form a plug of solid cissjv vnich may then oe implanted 
into the ventricle tc prevent dislocation of - h craft. 
For s ubdura. crafting, the cells may be :n;ected .round 
the surface the bra in after making a slit in the dura. 

Injections into selected regions of the host main 
may be made by drilling a hole and piercing the dura to 
permit the needle of a mi ercsyr inge to be inserted. The 
mi rroryr i nee is preferably mounted in a stereotaxic frame 
and three dimensional stereotaxic coordinates are 
selected for placing the needle into the desired location 
of the brain or spinal cord. 

The cell suspension is drawn up into the syringe and 
administered to anesthetized graft recipients. Multicle 
inj-rctions may be made using this procedure. The aae of 
the doner tissue, i.e. the developmental stace may affect 
the success of cell survival after crafting. 

The cellular suspension procedure thus permits 
grafting of genetically modified donor cells to any pre- 
determined site in the ;rain or spinal cord, is rela- 
tively non-traumatic, allows multiple crafting simulta- 
neously in several different sites using the same cell 
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suspension, and permits mixtures of ceils from d-:--^ e nt 
anatomical regions. 

For transplantation into cavities, which mav be or - 
-errec tor spinal cord grafting, tissue is removed from 
regions c.ose to .he external surface of the CNS to form 
a .. B n a? lantat 3 on cavity, for example as described bv 

Sten^v; &z ~ ' o- ^„ 

-.' rsmsv-ng ove-lv'-ic --. 

° r£ln £nd bleeding v;th a ms;£ . r ,.. s ^ h ' a """ 

.f Cti r My * - — e th. c.vi-.v. Th . 

?lan. »ay be placed i„ th . s£me ' 
=eUs or solid ti.-sue implants. . 

Grafting c: ionor cells into a traumatized brain 

— 1 rao^r. different procedur£3 , ' 

— ,r 0 ur y RJt b s c: fM!i and biding stored b f r I 

— - 9--"- U addition, tBi iono - cs ■ ls 

-v i-y xn _ ae host brain to prevent isolation of the 
brain." ? " h0l ° SiCal -viron m ent of the traumatized 

Prepa ration of Donor c^u 

The donor tells »ust b e property prepared for cra-t- 

; :::,: x : m?l5 :. ;or inje " ion ° f >™«~v., 

oono. .ells =coora ; r. g to the present invention, cells 

o" *h : * f ° r SrOVth and -intenance 

!:,; n<i £ ' 5XEmpU » «»l»«e» "ntaininc fetal 

End £ll ° vsd to Srow to conflu.ncT. c .,„ 
re oosen,d from the culture substrate for e.a^le ^ ' 

B ^ : :;:! SOiUtl ° n S « fc » P-P»«. Offered 
<-W .ontam.no C.05% trypsin and placed in a buf--, d 

? - ' % '-•» t0 "»«ivt. trypsin. The cells .ay be 



WO 90/06-5" PCT/I S89/05557 

washed with PBS using centr if ugat ion and are then 
resusp- need in the complete PES without trypsin and at a 
selected density for infection. In addition to ?3S, any 
csmotically ca^ncec solution which is physiologically 
compatible with the host subject may be used to suspend 
and inject the donor cells into the host. 

In addition, the host must oe appropriately prepared 
for grafting of donor ceils. This depends on the site of 
the hest brain for crafting. 

The long-: erm survival of implanted cell* may depend 
on effects of the viral infection on the cells, on cellu- 
lar damage produced by th- culture cone: ions, on the 
mechanics of ce.l implantation, cr the i > tabl i snment cf 
adequate vascularization, and on :he immune response cf 
one host animal to the foreign c - 1 1 £ cr ~o the oreign 
gene product. The mammalian brain has t aditionally been 
considered to be an immunologically privileged organ, but 
recent work has shown conclusively that immune responses 
can oe demonstrated to foreign antigens in the rat brain. 
It is imperative to minimize the potential for rejection 
and graf t-versus-hest reaction induced by the grafted 
cells by using autologous cells wherever feasible, by the 
use of vectors that will not produce changes in cell sur- 
face antigens other than those associated with the phenc- 
typic correction and possibly by the introduction of the 
cells during a phai a of immune tolerance of the host ani- 
mal, as in fetal life. 

The most effective mode and timing of grafting of 
the transoene donor cells cf the invention to treat 
defects, disease or trauma in the INS of a patient will 
depend on the severity of the defect and on the security 
and course of disease or injury tc ceils such as neurons 
in the CNS , the patient's health and response to 



WO 90/06757 



-28- 



PCT7US89/05557 



treatment and the judgment of the treating health orcfes- 
sional. 

Of course, as in all other gene-transfer systems, 
the important issues of appropriate or faithful oene 
expression must be resolved to ensure that the level of 
gene expression is sufficient to achieve the desire ohe- 
T.zzy-.z 4ff*c* and net sc high as tc b» :u;.c tc — . ' 
cell. 

The genetic correction of some, or manv, CNff d^scr- 
aers may require the establishment or re-establishm^nt o- 
taitnful intercellular synaptic connections. Model sys- 
tems to study these possibilities have not vet b~n 
developed and exploited because of the paucity of rep- 
eating non-transformed cell-culture systems and th« " 
refractoriness of non-rep : i cat ing neuronal ells to viral 
miecticn. However, recent studies, including -^s« 
involving the immortalisation of embryonic hiooocamoal 
neuronal cells, suggest that replicating neuronal cell 
culture systems may soon become available for in v^-p 
gene transfer and then for in vivo implantation. (Gell-r 
et al. f Srien=e 241sl6S7-IS69 (1988)). Such neurons 
mignt be susceptible to efficient transduction by 
retroviral or other viral vectors, and if they are a^so 
aole to retain other neuronal characteristics, th-v may 
M £Dle to *-tablish synaptic connections with oth- 
cells after grafting into the brain. Alternative v 
-nere are c,il S within the CNS that are late to develop, 
sucn as the ventral leaf of the dentate gyrus of the 
hippocampus, or continue to divide throuch adulthood 
such as those in the olfactory mucosa and in the denta- 
gyrus. Such cells may be suitable targets for r-rov'-al 
infection. 

The use of non-neuronal cells for graftino may r>— 
cluae the development of specific neural connect ions* to 
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res.denc target cells of the host. Therefore, the pheno- 
typic effects of fibroblast or other non-neurona 1 donor 
ceils or target cells j_n v ivo would be through tht diffu- 
sion of a required gene product or metabolite, through 
tight junctions ( "net aboi : c co-op rat ion" ) cr through 
uptake by target cells of secret-.- donor cell gene prod- 
uct^ cr met ebol ite^ . Thi doner .ell may else act a a 
toxin "sin>: M by expressing a new gene product and metabo- 
lizing and clearing a neurotoxin. 

Alternatively, "neural bridges" may be provided 
which facilitate reconnection between neurons in damaged 
CNA tissues. Neural bridges have been described (see 
Acuayo, in Svnar-tic Plasticity, Cccman, ed . , New York, 
Gilford press, pp. 457-484 (19E5) and Aguayo et al., 
Anna: ? of the N.V . Acad. : S z i ■ cer., 495 :1-9 (1S57) ; . 
Per:, eral nerve segment: nave b-: . used to successfully 
jo;n the medulla cblonga* " and upper thoracic spinal cord 
of an injured rat (David and Aguayo, Science 214:931-933 
(1961)). Connectivity be :veen tne septum and hippos - 
campu; of the brain has also been demonstrated using 
implants of peripheral homogenates of neurons ( ttendt , 
Bra-n R c s . Bull, 15:13-16 (1SE5)). Thus, the grafted 
donor cells may serve as neural bridges to facilitate 
axonal regeneration and reconnection of injured neurens, 
or may be used ir conjunction with neural bridges formed 
from synthetic or biological materials, for example 
homogenates of neurons or placenta. 

The present invention therefore provides methods for 
genetically modifying donor cells for grafting CNS to 
treat defects, disease and injury of the CNS. 

The methods of the invention are exemplified by pre- 
ferred embodiments in which donor cells containing vec- 
tors carrying a therapeutic transgene are grafted 
intracerebrally into a subject to treat disease or 
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trauma. In a first preferred embodiment, the established 
K??.T-def icient rat fibroblast line 20EF, primary rat 
fibroblasts, and postnatal, dey-1 primary rat astrocytes 
were used to demonstrate that cultured cells genetically 
modified using retroviral vectors can survive'vhen 
implanted in the mammalian brain and can continue to 
express foreign gene products. 

In a second preferred embodiment fibroblasts vere 
genetically modified to secrete NGF by infection with a 
retroviral vector, and the modified fibroblasts vere then 
implanted into the brains of rats vith surgical lesions 
of the fimbria fornix region. The grafted cells survived 
and produced sufficient NGF to prevent the degeneration 
of cholinergic neurons that would die without trtatment. 
In addition, the protected cholinergic cells sprouted 
axons That projected in the direction of the cellular 
source of NGF. 

In a third preferred embodiment fibroblasts were 
genetically modified to express and secrete L-DOPA by 
infection with a retroviral vector, and the modified 
fibroblasts. were grafted into the caudate of rats model- 
ing Parkinson's disease as a rssult of unilater£l do? ._ 
mine depletion. The cells survived and produced suffi- 
cient L-DOPA to decrease the rotational movement caused 
by dopamine depletion. 

The methods of the invention also contemplate the 
use of grafting of transgenic donor cells in combination 
with other therapeutic procedures to treat disease or 
trauma in the CNS. Thus, genetically modified donor 
cells of the invention may be co-grafted with other 
cells, both genetically modified and non-genetically mod- 
ified ceils which exert beneficial effects on cells in 
the CNS, such as chromaffin cells from the adrenal aland, 
retal brain tissue cells and placental cells. The 
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genetically modified donor cells may thus serve to sup- 
port the survival and function of the co-crafted, non- 
genetically modified cells, for example fibroblasts mc:" : 
f:e: to produce nerve growth factor (NGF) ir\ \ :vo as 
dei.ribed in the Examcles, infra . 

Moreover, the genetica'ly modified done 



ma v 



■aair. r.:st*rea v:tn th-raoeutic 



agents us&:ul in treating defects, trauma ~r diseases of 
the CNS , such as growth fa ors, e.g. nerve growth 
factor; cangliosices ; antibiotics , neurotransmitters, 
neurohormones, toxins, neurite promoting molecules; ana 
antimetabolites and precur: ors of these molecules such as 
the precursor of dopamine, L-DOFA. 



- n orcer tnat tr indention described ; rein may be 
m re fully ur."" ?rs tooa , tn- f cllowi: c example; are set 
forth. : t rno^ld be unde . stood that these examoles are 
for i llu: trat i~e purposes only and are not to be con- 
strued as limiting the scope 'of this invention in any 
manner . 
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Example I 

Intracerebral Grafting Of Genetica^y 
Modified Cells SxpVessinc H?RT 
Transgene To The Brain 



■on of Cell' s 



Donor hypcxanthine guanine phosphor ibosyl 
tr£ " £ - :i - .H?F ( T>-ie;:sUr.t 20£? rat ? ibroblast' cells 
(Jolly e- al., ?ro;. Nat'l Acad. Sri . ?t» 8C:477-4£1 
(1983)) vere infected vith the prototype H?RT vector 
pLSAPALM expressing HPP.T cDNA (Miller et al., Sclera 
225:630-632 (1964); Yee et al., Gf.n^ 53:97-104 (1387)) 
CDNA or vith the neo«-luciferase vector pLNHL2 (Eglitis 
st al., Science 230:1395-1398 (1985); Wolff et al., Proc. 
N at'l Acad. Sci. (USA" , expressing both the Tn5 transocson 
r.omycir.-resistance gene (neo®) and the firefly 
lucif.rase : DNA (c. Wet et al. f M: lec. Cell. p->^ 
7:72-737 (1957)) .Figure 4). Th, pLSAPALM vector va- 
cerived from vector ? LPL2 (Miller et al. , Moler. and :,n 
Bio^ 6:2395-2902 (1986)) and contains human HPRT cDNA 
encoding a protein vith a novel C-terminal hexaoeotide 
added by in v::ro mutagenesis of the translational termi- 
nation codon (Yee et al., Gene 53:37-104 (1987)). Vecto- 
pLSAPALM vas constructed as follows: Vector dLoLM (Ye* 
et al., Gene £3:97-104 (1987)) vas digested vith Xhoi and ' 
BamH. to yield a 1.3 Kb fragment which vas then licat-d 
into plasmid P LpL2 (Miller, supra ) which had also " 
beenrestricted using Xhol and BamHl. The resulting vec- 
tor vas pLSAPALM. 

The vector pLNHL2 contained the cDNA encoding th* 
firefly luciferase (LUX) and the Tr.E neomycin-resis tanc« 
o*ne (neo®) and the promoter and ennancer of the human 
cytomegalovirus immediate early gene (HCMV). The £' and 
3' LTPs vere derived from cloned murine leukemia virus 
(MLV) as described by Mason et al., in Sc : q--* 
234:1272-1378 (1986)). Vectcr pLNKL2 was Constructed as 
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f jllovs: Plasmid pLNH?L2 (also known as PNHP-1, Vee et 
e Nat' 1 Acad. Sci. USA S4:51S7-2CS (1987), was 

r . cric:-d with BamHI ;o remove the H?RT ~NA sequence. 
Tne ends were repaired using Klenow p : lyr. v rase . Plasmid 
pS' 2A (c^- : et al., Mclec, and Cell Eic . , supra , and 
supplied by) (Dr. Subramani, University cf California. 
San D;ec_, Zk ■ was restricted vith Hindi:: and £spl 
isolate ;;.t Luc-f erase fragment. The ends were repaired 
as above. The BamKl restricted pLNHL2 and Hindi :i-£spl 
restricted pSV2A were iigated together forming vector 
pLNHl2 . ~ i g . 5 ) . 

The cells were crown in selective medium :ont--'r!nn 
hypoxanthine , aminopterin and thymidine , HAT ) for cells 
expressing K?RT and with the neomycin analog G418 for 
cs • :pres;- ing r.eo®, respectively, to ensure tnat only 
in: . ct> .. a l~s ver* used. 

Primary fibroblasts and astrocytes were infected 
with the neo®-lucif erase vector c\ly. HAT-res istant and 
G418-re: istant cells were harvested following incubation 
overnight with serum-free medium, :r medium containing rat 
serum, to reduce the likelihood c: immunological response 
in the rat brain. 

Rafting 

The cells were resuspended in a balanced glucose- 
saline solution and injected stsre otaxically into several 
regions of the rat brain using a sterile microsyr inge . 
Between 10,000 and 100,000 cells rer microliter were 
injected at a rate of 1 ul/min for a total volume of 3-5 
ul. After 1 week to 3 months the animals were killed and 
areas containing the implanted ce„ls were identified, 
excised, and examined histologically and biochemically. 
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Kistolociccl Analyse? 

To evaluate the grafted cells histolocically, th» 
rats were perfused transcardially and their brains w= re 
sectioned and stained with Nissl stain and cresyl vioW 
:or general morphological characterization and with 
immunor-tochemical methods to establish the r-essnc* c: 
tr.s *pec;fit =€il antigenic markers fibronectin for the 
::croola,-.s and glial fibrillary acidic orotein ( GFA° ) 
xor glial ce.ls. Briefly, the sections were rinsed * n 
Tri.-buffered-saline (TBS) solution ( pK 7.4) containing 
0.25% Triton-X. The sections wer, incubated for 24 hrs 
at 4°C with rabbit polyclonal antibodies to fibronectin 
(1:2000 dilution) Baralle, University of Oxford, England) 
anc GFAP (Gage et al., Exr, Neurol^ 102:2-13 (19889)- 
available from Dako?ai-s, Glestryp, Denmark) dilu^d 
1:1000 in TBS containing 0.25% Triton-X and 3% goat serum, 
or vita tne monoclonal antibody, mous, ioG2a, aoain^ a 
membrane polypeptide of rat macrophages, granuloses and 
aencritic cells (MRC OX-42, Serotec) diluted 1:100 in t BS 
containing C.25% Triton-X and 1% horse serum. A ft-r 
thorough rinsing, the sections were incubated for 1 h- 
vith biotinylated goat anti-rabbit IaG (Vectas^n) 
diluted 1:200 in 0.1 K T ES containing 0.25% Triton-X and 
-= norse serum, followed by several rinses in TBS -or- 
taining 0.25% Triton-X and 1% goat serum or 1% ho-se 
serum.. The sections were then incubated for 1 hr at room 
temperature with a complex of avidin and biotinylat-d 
Horseradish peroxidase (Vectastain, ABC kit, Vector Labs 
Burlingame, CA) diluted 1:100 in 0.1 M TBS containina ' 
0.2=% Tr.ton-X and 1% goat serum, or 1% horse serum, fo^ 
lowec oy thorough rinses. The peroxidase was visualized 
ov reacting with 0.05%, 3 ,3-diaminobencidine 
tetrahydrochloride (DAB) (Sigma Chemical Co., St. Lou«s 
MO) and 0.05% NiCl 2 and 0.01% H 2 0 2 in T33 for 15 min It' 
room temperature. 
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Primary rat fibroblasts crafted to the. neostriatum 
of the ret seven weeks earlier are illustrated in Fig. 6. 
Serial 4G mm- th : ck sections were stained with anti- 
f ibror.e ct in (A), cresyl violet (Disbrey et el., Hi stc loc- 
i cal Laboratory Methods , E. * S . Livingstone, Edinburgh 
and London ( 1370 ) J, (B) and anti-GFA? (C). The surviving 
. ajt ( -red to be- in* act and tc have r. lumped cr aggre- 

gated around the area of the injection. The cells dis- 
played an intense staining for fioronectin at the core of 
the graft, with a cle.;r GFA?-s taining cs rived from reac- 
tive gliosis at the edges of t v e grafts, similar to what 
one sees with the cannula tract alone. K. vever , little 
GFAP-stcining was observed iu tiit graft itself. With 
cresyl vie -et, small, round, darkly stained cells vers 
observed the region of the graft which could eitner be 
mi:rogiia r lymphocytes that had infiltr' .ed the area in 
response t :> injury. Macrophages could al^ be detected 
in many cf the grafts. Many of the fibroblasts could be 
identified by cresyl violet staining by their long thin 
shape and by the pink pleated sheets of collagenous mate- 
rial surrounding them. The appearance of 20BF fibro- 
blasts war similar to the primary fibroblasts (not 
shown). Astrocyte grafts also had a similar appearance, 
except they were not f ibronect in-pos i t ive , and stained 
for GFAP through the center of the grafts. For all t tree 
ce.l typ*s, no differences ver observed between 
retrovirus-inf ected cells and control cells. An impor- 
tant feature of these cell suspension grafts is that most 
of the cells remained aggregated near the site of injec- 
tion and did not appear, under these circumstances, to 
migrate very far from the injection site into the host 
brain. This apparent lack of migration could certainly 
be different for other donor cell types and graft sites, 
and therefore the area of th* brain into which the cells 
are tc be implanted, the nature of the donor cells, and 
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the phenotype of the target ceils for the transgene may 
oe important factors ror the selection of donor cells. 

Characterization of Implanted CpM 

implanted cells were dissected out and oreoared for 
reculturing and for biochemical and molecular character- 
ization by dissociating -_h e cells with trypsin. Fc- 
c» ection of the human H?R? activity, csll" extrac-s'vc- 
prepared from the bulk of each sample as oreviously 
described and examined by a poiyacryiamide oel iso- 
electric focusing H?rt assay (Jolly et al./ ?roc. 
h£lA^S_^_usk)_ 80:477-481 (1983); Miller et al.,' p roc "' 
Nat' 1. Acac. Sci (USA ). 60:4709-4713 (1383); Willis et 
£l -/ Biol. CheiT^ 259:7842-7849 (1984); Miller et a"> 
S=ien=s 125:630-632 :i9S4); Gruber e- &i s- : * n~» 
:30:10E7-1061 (1985), and Y e , et al ., ^ 17^77^ 
'-SS7)). The remainder of * ach sample vas placed into 
cuiturs. The results of an H?RT eel assay of rat 208F 
cells HAT resistance after infection with the. H?RT v^o- 
implant-- into one side of the rat basal ganalia 3 and 1 
*esks arter transplantation and prior to analysis ar» 
snovn in Fig. 7. 

The presence of human HPRT enzyme activity demon- 
strates that the infected, genetically modified rat 208* 
=*l-s grafted into the brain survived and continued to 
'-xpre-s the HPRT transgene at easily detectable w*ls 
ror at least 7 weeks. Furthermore, the imoianted :=H S 
could oe successfully recuitured, producing cells mo-oho- 
logically identical to th, starting cultures. Infection 
or tnese cells with helper virus resulted in the D -odu-- 
tion of HPRT virus, confirming the identitv of -h'e ^n s 
ana indicating that the provirus remained intact. Stud- 
res with the neo«-lu=iferase vector confirm the su-v^va^ 
ana expression of lucif erase-inf ected cells. 
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Grafting of Genetically Modified Cells 
Expressing NC? to the Damaged Brain 

Th* abov . ** x3r.pl e demonstrated that cultured cells 
cen-tioally modified using retroviral vectors can survive 
when implanted into the it. amine lien brain and can continue 
to express : cre .cn cene ■. t;- ansa-: ne ; o:oduct. The oresent 
example vas conducted tc determine whether sufficient 
transgene product can be nade by genetically modified 
cells jji vivo to complement or repair an absent or previ- 
ously damaged brain function. 

(^nrr - — - ' — i--r^r \T£ Tr V C C t 0 T 



A retroviral vector, similar to cm described previ- 
ously (Well, e: al . Mo: . 5:cl . 1. E : 4 3- 1 r .19EE);, was 
constructed from Mc.oney murir leukemia virus (MoMuLV) 
(Varmus et al., PJ\V Tu-nor Viruses ; Weiss et al., Cold 
Spring Harbor Press, Cold Spring Harbor, NY, p. 233 
(1SE2)). The pLN . 8RNL vector contains the 777 base pair 
Hgal-Pstl fragment of mouse NGF cDNA (Scott et al., Nat- 
ure 302 ; r 3 E (1963 ); Ullrich et al., Nature 303 : 821 
(1SE3P, under control of the viral 3 ' UTR. This insert 
corresponds to the shorter NGF transcript tnat predomi- 
nates in mouse tissue receiving sympathetic innervation 
(Edwards et al., Ne "ure 319:7B4 (1986)) and is believed 
to encode the precursor to NGF that is secreted 
cons t i tut :veiy . The vector alsc included a dominant 
selectable marker encoding the neomycin-resi, tance func- 
tion of transposon Tn5 (Southern et al., J, : - cl . Art . 
Genet . 1:327 (1982)), under control of en internal Rous 
sarcoma virus promoter. 

The 7^7 bp Hgal-Pstl fragment was isolated from NGF 
cDNA from lasmid p£?NI5 ! (Wolf et al., Mol, Biol. Med. 
5:43-59 { 88)). Briefly, the Nl vector describe by 
Wolf, supra (supplied by Dr. 3rea>:fisld, Harvard Medical 
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School, Harvard, Boston) was cloned into the P Stl site Qf 
plasmid pSP64 (Promeca, Madison, w: ) . Plasmid oS^nl5~ 
vas digested with restriction enryn.es Pstl and Hcai u-ng 
established methods (Maniatis et al., Cold Spring Harbor 
Press, Cold Spring Harbor, New York, (1962) and the "77 
basepair DNA fragment containing the NGF seauences vas 
isolated by standard purification methods (Maniatis, et 
£.., s--r z) . The. 7-7 bp fragment va: th-r. r.ur.t end 
ligated into plasmid pLMTPL as described by y es e - £l 
in PTOZ ' N£t ' 2 - A - ad - SrA. 84:5197-5201 (1987)"" 

incorporated by r.f^nce herein and suoolied by Drs' L o. 
and Xu, (University of California, San Dieoo, CA) . 
Flasmid pLMTPl vas digested with Kind III to remove the 
metallothionein promoter and most of the K?RT cDKA, and 
the overhanging 5' ends were repaired using Klenov' 
polymerase as described by Maniatis ,t al., SU t>-» 
overhanging ends of the 777 bp fragment isolated as above 
were similarly repaired. The 777 bp fraament vas th- n 
Dlunt end ligated into the digested plasmid dLMTPL. The 
resulting plasmid vas called PLN.EL and vas transfected 
into E . =oi i strain DK1, grown and purified by estab-" 
lished methods for plasmid purification including cesium 
chloride centrifugation (Maniatis et al., supra). Th« 
purified plasmid pLN.BL vas then digested using restric- 
tion enzyme-s BamKl and Clal and the resulting 6.1 
kiiobase fragment vas ligated to a 2.1 kilobase" 
Bamhl-Clal fragment isolated from plasmid pLLRNL. 

Plasmid pLLRNL vas derived from olasmid JD204 
described by de Wet et al., in Mol. Ce] 1 . ^ 7:725-737 
^-87) as follows: A 1717 br Hindlll-Sspl fragment --om 
-ne firefly luciferase gene derived from plasmid JB204 
ana a 1321 bp Hindlll-Smal fragment of the Dlasmid 
?rv-Neo described by Southern and Berg in v. 0 i 
nenet. 1:327-341 (1982) were ligated with a fracment con- 
taining a mutated Rous sarcoma virus (RSV) promoter in a 
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3CC zz BamKl-Kind III fragme-.t from plasmid pUCRH. 
Plasmid _:. 1LHNL is depicted in Ficure 8. 

?.csr.id p'jCRK vas produced as follows. Plasmid 
pRSVnec- vas restricted using HindlZI and the linearized 
plasmid war licatec with the remaining fragment from 
plasmid p?Rl :?i?ur^ ?) 'supplied by Dr Fr ; « dir.a.-.r. , Ur. ; - 
versity of Lalii.rr.ia, San Diego, CA) crt-ined oy 
restriction using HindlZI to remove K?R? sequences. 
Plasmid p?Rl was obtained from plasmid P 4aA6 (Jolly et 
al., ?:::. Nat'l Acad. ^ 80:477-481 (1983 )) using ; s: 
and Rsc. The resulting plasmid was called pRHN and vas 
then restricted vith PvuII and relicated to'fc^ ulasmids 
?N( + ) and ?AC:>). PN( + ) was then restricted using BamHl . 
The resulting linearis : plasmic was licet ed v:-h a frag- 
rant obtained from, plas id pSVo: . restrict ed v.-.n BamHl. 
Plasmid psvori v .s obtained by restricting placid p4aA£ 
(Jolly ft al., Froc. Nr, '1. Acer. >.r- . 80:477-481 (1S33)) 
vith Sail and Ps:l, and subclomng the resulting fragment 
into plarmic pUC18 (Bethesda Reioarch Laboratories, 
Gaithers^urc, MD ) that had been restricted with Sail and 
?stl. The resulting plasmid was termed pSVori. 

The plasmid pRH+S+ that resulted from ligation of 
the SamKl restricted plasmid PN>) and the BamHl 
restricted plasmid pSVori vas then restricted vith Mstll 
and the overhanging 5' ends were repaired using Klenow'" 
polymerase as described above. This fragment vas ligated 
v:th a M13mplS (Bethesda R* search laboratories) linear- 
ized vith Smal and phesphatesed vith calf intestinal 
alkaline phosphatase (Boehringer Mannheim, Mannheim, W. 
Germany). The resulting plasmid vas called pmpRH and 
contained the hprt cDKA expressed from the RSV* promoter . 

Plasmid pmpRH was subject to s itr-directed 
mutagenesis as described by Kunkel et al., Proc. Nat'l. 
Acap. ? = :. USA 62:466-492 .1985), incorporated by 
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reierence herein in order to alter the polyadenylat ion 
signal AATAAA to AGCAAA . After mutagenesis the resul-Tng 
plasmia was restricted using Hindlll and the resulting 
fragment vas ligated to a Hind: I I fragment from restric- 
tion of plasmid pUCl 9 (Bethesda Research Laboratory) 
produce plasmid pUCRSV. Plasmid pUCRSV vas rest-ict-d 
using BemKl ind Pstl to produce a fragment containing the 



-o a ?stl-£ 



RSV -remoter. This f-.gmer.t was ligated 
fragment containing the gene encoding H?RT obtain^by" 
restriction of the plasmid plSAPALM as described in 
Example I, rup_ra and to a BamHl-Sstl fraament obtained 
:rom plasmid pUC19, forming plasmid dUCRH (Fiau-e 10) 
The product of ligation between .he BamKl -Hindi I I frag- 
rant from pUCRH, the 1717 bp HincIII-Sspl fraament from 
PJD204 and the 1321 bp Eindlll-Smal fragment from oSV2Neo 
vas transfected and purified by established methods as 
aescnoec a::ve and termed plasmid pLLRNL (Figure 8). 

After transfection and purification, the olasmid 
resulting from ligation of the 6.1 BamKl-Clal kilobas- 
fragment from- plasmid pLN.BL and the 2.1 kilobase 
BamKl-Clal fragment from plasmid pLLRNL vas t«-m«d 
pLN.SRNL. (Figures 11 and 12). 

Preparation cf Tr £ n^ j s . a bic R a ^r,Mn, f 

Transmissible retrovirus vas oroduced by 
transacting pLN.SRNL into PA317 amphotrooic nroduc^ 
celis (Miller et al., Mcl. Cell, . 6:28 o 5 (1985)) 

supplied by Dr. Miller, Fred Hutcinson Cancer Research 
Center, Seattle, WA) , by the calcium. ohosohat- 
co-precipitation method (Graham et al., Virology 52:4:6 
Us73)J, and using medium from these cells to inf-ct 1»-2 
ecotropic producer cells (Mann et al., Ce_^ 3 3: ^ 3 
(1983)) in the presence of 4 ug/ml Poiybrene (Sicma Chem- 
ical, St. Lou:s, MO). Virus from the *2 clone producing 
the highest titer, 4 x iC* colony forming ^ 



90/06"57 



-41- 



PCT/l - , 89/05f:7 



used to irf;ct the established rat fibroblast cell line 
2CEF (Quade, Virology 9e : 4 61 (19^9) as described by 
Kiysnchara et al., in ?:::, Natl, Acad. 5ci. USA :i9S8)). 

Assay ::: NGF Production and Secretion 

Individual neomyc :n-res is ta- t 208? colonies, 
sele e: in xtclaT. con ainino th* neomycin an*c :. oc G418, 
were expanded and tested for NGF production anc secretion 
by a two site (ELISA) enzyme immunoassay (Korsching et 

?roc. Nct'l. Acad. Sci. (UFA) (80:2513-3515 (1953)), 
using commercially available reagents according to the 
manufacturer's protocol (Boehringer Mannheim, Eiochemical 
W. Ge -many). The clone producing the highest le/els of 
NGF c ntained 1.7 ng NGF/mg total cllular protein and 
se;re ed NGF into the medium, at a rate c: 50 pc 'hr 1C 5 
c*:.ls. The NGF ^ec:; ted by this clone v biologically 
active, as determined by its ability to induce aurite 
outgrowth from ?C12 rat ph? ochromocytoma cells Greene, 
et al., ?roc, Natl. Acad Sci. USA 72:2414 (19 n 6)). 
Uninfected 208F cells, in contrast, did not produce 
detectable levels of NGF in either assay. 

Fimbria Fornix Transection 

Fimbria fornix transection was performed as 
described by Gage et al., Brain Res. 2SS:27-37 ; 1 3 5 3 ) and 
in Ne uroscience 19 ( 1 ): 241-255 (1936 ), both of which are 
incorporated by reference herein. Briefly, adult female 
Sprague-Dawley rats (Bantin and Kingman, San Francisco, 
CA) weighing between 200g and 225c at the beginning of 
the experiment were used. The animals were aneithecized 
with intraperitoneal injections of a ketamine-xj lazine 
mixture (10 ug/kg Ketalar, Parke-Davis Ann Arbor, HI, and 
5 ug/kg Rompun, Hoechst, Frankfurt, W. Germany). Unilat- 
eral aspirative lesions were made by suction through the 
cingulate cortex, completely transecting the fimbria for- 
nix _ bilaterally, and removing the dorsal tip of the 
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hippocampus as veil as the overlying cingulate cortex to 
inflict a partial denervation on the hippocampus target, 
as described in Gage et al., Brain Res. 1-fS : 27-3 7 (1363 ). 
All animals in each of the experimental groups received 
zhe same complete unilateral aspirative lesion. Fimbria 
fornix lesions as described above were made in 16 rats; 8 
rats received crafts of infected cells while t h< remain- 
ing E- j.-6-i. t : -.-a ~ uninf e cted ttr.t-rcl sails. 

Sections stained for fibronectin, a fibroblast spe- 
cific marker, revealed robust graft survival that was" 
comparable in both croups (Fig. 13A,E). Sections stained 
for choline acetyltransf erase ( ChAT ) to evaluate the sur- 
vival of cholinergic cells bodier indicated a greater 
number of remaining neurons on the lesioned sice of the 
medial septum in animals that had received grafts of 
in: :ted rells than in animal, that had received control 
grat _ £ (Fig. 13C-F) . 

Retrovirus-infected (NGF secreting) and control 206? 
cells were removed from confluent plates with Dulbecco's 
phosphate buffered saline (PBS) containing 0.05% tryp: in 
and 1 mM 2DTA and taken up by trituration with ?3S sup- 
plemented with 1 mg/ml glucose, 0.1 mg/ml each Mad2 and 
CaC12 (complete PBS) and 5% rat serum, to inactivate the 
trypsin. Cells were pelleted by centrif ugat ion at 1C0C 
X g for 4 min. at 4°C, washed tvics with complete ?BS , 
and resuspended in complete PBS at 10 5 cells/ui. Four u i 
of suspended cells were injected free-hand using a 
Hamilton syringe into the cavity and lateral ventricle 
irsiiater.al to the cavity in the animals. A ciece of 
Gelfoam was gently placed on the surface of the cavity 
and the animals were sutured. 

I mr. unoh is t ochsmi s t ry 

At 2 weeks following surgery the rats were perfused 
and their brains were removed, fixed overnight and placed 
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in phosphate-buffered 2 n % sucrose for 14 hr at 4°C. Sec- 
tions 4 0 urn thick were out on a freezing sliding 
nicrotcme and stored in cryopr ot ect ant ■' phosphat e-buf f- 
tred glycerol and ethylene glycol) at -20°C. Every fifth 
section vc3 labelled immunohis cochemi ; . lly by standard 
procedures using polyclonal antibodies to fibroneotin to 
-.vE.ua... ; ::: est survival rolyc„on:.l artibc/i-s '0 
choline acecylcransf eras e (an - In AT ant i serum) were also 
generated to evaluate th: sur\ _val of cholinergic cell 
bodies as described by Gage et al. in J . of Comparative 
Neur ol . 2£9:14"-155 (1966 ), incorporated by reference 
herein. Tissue sections were processed for immuno- 
his\olocy according 00 a modi f i ca 1 iun of the avidin- 
biotin labeling procedure of Ksu et el., 29:1349-1353 
'1981) , nccrporated by reference. This procedure con- 
sists 0. the following st-ps: 1) overnight incubation 
vith an- r:ody to ChAT or vith :ontrol antibody 'i.e. 
preimnune serum or absorbed antiserum). The ChAT anti- 
body was diluted 1:1,500 vith C.l M Tris-Sr.line contain- 
ing 1% coat serum and C.25% Tr ton X-130; 2) incubation 
for 1 hr vith biotinylated goat antiraobit IgG (Vector 
Laboratories, Burlingame, CA) diluted 1:200 vith 
Tris-salin& containing 1% goat serum; 3) 1 hr incubation 
vith ABC complex (Vector 1 aborator ies ) diluted 1:100 vith 
Tris-saline containining 1% goat serum; 4 ) treatment for 
11 min vith 0.05% 3 , 3 ' diaminobenzidine (DAB), 0.01% 
hydrogen p-roxide and 0.04% nickel chloride in 0.1 M Tris 
buffer. I mmuno labeled tissue sections were mounted onto 
glass slides, air dried and covered vith Permount and 
glass covers 1 ips . Tvo sections stained for ChAT through 
the septum, 200 ym apart ver v used to evaluate the ex* ent 
of cholinergic cell survival. All the ChAT-pos i t i ve 
cells in the ipsilateral septum and in the contralateral 
septum vere counted separatedly and sized for planar area 
using an Olympus Que-2 image analysis system. Tissues 
vere also stained for acetylcholinesterase ( AChS ) as 
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aescribed by Kecreen et al., j . Histcchom. rv^^ a - 
32:134-140 1985), incorporated by reference herein, to 
evaluate th-- completeness of the fimbria fornix transec- 



tion. 



Neuronal survival vas quant itated (Fig. 14) and , 
vh-n expressed as a percentage of the remaining 
cholinergic -el.£ in the S6?:um its: lateral tc th* les-v- 
relative tc the intact contralateral sep-.um, vas shown to 
be 92% m animals grafted with NGF-secreting cells but 
only 49% m animals grafted vith control cells. The 
results from the control group are comparable to previous 
enervations in lesioned animals that had received no 
crafts (Gage et al., Neuroscis-. i 9:2 41 (1966); — 
i_Neuresci. 8:2155 (1986); K.lliams et al., Proc. n £ m 
Ap^d__ScL_ USA £3 : 9231 (1986); Kroner, Science 235:2U 
(19E7); Gage et al., J^gmr petrel. 3-39:147 (1988)). 

in addition to the significant increase in th- per- 
centage of ChAT-positive cells in the NGF crout>, th»"se 
animals also showed an increase in acetylcholinesterase 
(AChE)-positive fiber and cell staining (Fig. l 5 ). Most 
striking was the observation of a robust sorouting 
response in the dorsal lateral quadrant of the seotum 
vim tnc most intense staining abutting the cavity -on- 
taming the graft. This intense increase in AChE staininc 
was not observed in the group receiving control crafts 
(Fig. 15). - 

The above results demonstrate the feasibility of 
continued transgene expression by cells crafted to th- 
CNS ana also present the first demonstration of a 3h n- 
typic correction in whole animals brought about by 
grafted, genetically modified cells. 
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r.::anp.e III 

Grafting of Genet: ally Modified Fibroblasts 
Expressing L-DO; . Into The CNS cf A Rat 
Model cf Parkinson's Disease 

This example was undertaken to demonstrate that the 
methods oi the present ir ention for cenetic mod ; f i cat ion 

significantly ameliorate the signs cf disease in an ani- 
mal model, such as a rat model of Parkinson's disease. 

The strategy for enabling fibroblasts to produce 
1-D0PA used in this example is based upon the ability of 
the enzyme tyrosine hydroxylase (th) to catalyze ; he con- 
version of tyrosine to L-DOPA; the rate-lim.it ing s :ep in 
catecholamine synthesis. Tetrahydro-biopter ine (H;-3), 
the cc-fa tor for TK is required for T>: enzymic activity. 
Sire- th- brain contains icnificant levels 01 biopte: in, 
and fibrcolasts can reduce biopterin to H4-biooter in , TK 
should be active in fibroblasts situated within the 
brain . 

Construction cf Retroviral Vector pLTKRNL 

Tn vector pLTKRNL , a Moloney leukemia virus 
(Mo-MLV) derived retroviral vector, was constructed 
expressing the rat cDNA for tyrosine hydroxylase (TH) 
from the 5' LTR sequence and contained a neomyo in-res ist- 
ant gene transcribed from an internal RSV promoter . F i c - 
ure 16) Fragments from three plasmids: pLRbL , pTK54 
and pLJ ~U\L were licated together to form pLTHRNL . 
Plasmid pLRbL vas obtained by digesting plasmid pDMTPL 
(obtained as described abo- r e in Example II) with the 
enzymes Hindi 1 1 and Hpai, and removing the fragment con- 
taining the H?RT gene. The remaining plasmid DNA vas 
ligate" with the 3.5 kb fragment obtained after restric- 
tion c plasmid pGENl-4.5Rb old (pGINl-4 . 5Rb old vas con- 
structed oy inserting DNA encoding the retinoblastoma 
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gene (Rb) intoplasmid pGENl , available from Promega, 
Madison, VI, ana vas supplied by Dr. Lee , University o* 
Cclifcrnia, San Diego, CA) using EindZIl and Sca2. The 
resulting plasrr.id was named pLRbL. 

A 1588 bp fragment containing rat TK cDNA va« 
obtained from the plasmid P TH54 (O'Mallev, j 
ML, :C:--i: (15£=), surtl:.^ by Dr. O'Mallev, „si^-. 
University, St. Louis, MO) by dig,, tion vith~BamHl and " 
Sphl. 

The fragments from plasmid rTK; 4 and olasmid oLRbL 
were Heated vith a Clal and Smal fragment obtained -om 
Plasmid ? L2RNL (described above in Example I) to obtain 
--ne vector pLTHRKL containing the retroviral orovirus 
transaction into producer cells to produce virus ca-ry- 
:ng th, cene encoding the enzyme tyros..- hvd-or-as* 
Tr.e der.yatior. of and circular r-,rri crion map for 
p^THRN^ is snovn in Ficure 17. 

Helper-free retrovirus was produced and retroV-al 
mrections were done as described in Example II ^ , 
Plasmid DNA containing the LTKRNL provirus vas Ca?0 4 
transfectec as described by Wigler et al., c_: 1 1 
-l-2:3-2:2 (1S77), incorporated by ref erenc7"he~re in , ^r- 0 
tne amphotropic PA317 helper line suoolied by 
(Dr. Miller, Fred Hutchinson Cancer Research" Cent- 
Seattle, WA). Two days post-transf action, media from 
--hese cells were filtered and used to infect -he 
ecotropic *2 helper line (Miller et al., Mol. 5^ 
6:2855-2502 (1986), supplied by Dr. Milled ^ 
G-416-re:istant ^2 clone (*2/TH) that contained the hich- 
s>t level of TH activity and produced the hioh-t t --- r I 
of virus (5 x l 0 5 /ml) m ££lect£i< IaBMrta ;. 

nbroblasts (208F) (Quade, vjrclccv 96:461-4£5 (1573)) 
were imec-ed at a multiplicity of infection (MCI) of 
less than 10- with LTHRNL virus produced by th* *-v TH 
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producer cells. G-415 resistant clones vere established 
for further study. All retroviral irfecticns vere done 
in the preser.ee of 4 ug of Polybrene (Sigma) per ml. 
Cells vere s'lected for expression of the r ecmyc in-rss is- 
tance c^ne by growth in 4 00 ^g/inl of G-418. 

A^sav c Tyrosine Hydroxylase A::iv::v 

Confluent 10 cm plates of cells were washed tve 
tines with Dulbecco's phosphate buffered saline -F3S) not 
containing calcium or magnesia chloride and the cells 
vere scraped off the plates. The cell., vere homogenized 
in 0.1E ml of ice cold 50 mM Tris/tO mM sodium; pyre - 
phoaphete/0 . 2% Triton X-100, adjusted to pH 8.4 witn ace- 
tic acid, and vere centrifuged at 32,000 X g for 15 min 
at 2-4° C. Thr supernatant fraction was used for both TH 
and rrot-- in nu =surems nts . TH activity was measured with 
a deca: no;:y lase-coupled assay essentially as described 
previously (Iovone et al. f J . Neurcchem , 43: 125S-13S8 
(1986)), but with 14 C-labelled 20 uM tyrosine, 1 mM 
t -methyl -5 ,6,7, 6-tet rahydropt er in ( SMPrLc ) (Calbiochem, 
La Jolla, CA) f and potassium phosphate buffer (pK 6), 
Protein was determined by the method of Lovry et al. 
( J. riol. Chem. 153:265 (1951)) using bovine serum, 
albumin as standard. 

A: " avs : Catecholamines and their Metabolites 

Cultured cells vere scraped off platen as in the 
assay of tyrosine hydroxylase activity except ascorbic 
acid (final concentration of 50 uM) was added to tne cell 
pellets pr.or to freezing. Cells vere crown in DME plus 
10% fetal calf serum. Some cultures vere supplemented 
with 0.1 mK SMPH4 16 hours prior to harvesting. Cells 
vere homogenized in 250 ul of ice cold 0.1 N HC104/0.I% 
sodium, metaoisulf ite/0.2% NB2ED7A containing 5 ng/mi of 
3 , 4-dihydrcxybenzylamine (DE3A) as internal standard. 
Dopamine DO?A, 3 , 4-dihydroxypherylacet ic acid (DOPAC) , 
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ana DHBA were extracted from the supernatant fraction hy 
alumina absorption (Anton et al., J^Th^rnaco^^ * 
2^ 136 :360-375 (1962)) and - luted with 150 U l o- 0 IN 
-3?0 4 . They were analyzed by H?LC vith electroclvir --al 
Detection as described by Iovone et al., Bra-'n 
418:314-324 (1967), vith the mcbils phi^if^o 
contain a higher concentration c: soc.um octy: su_ : ate 

ov... .... .,_.c). .-omovanyiac acid {sva) was 

8n * ly " 4 iy Ths concentration of catechols.™ 

and metabolites in the «edi, «, aiso determined . 

d "-" ent meth ° d ' H?LC - SC - *» «l»»ina -traction 
cure aescribed above was omitted and the media was ad ju =- 
tea to 0.1 perchloric acid acid/0. 01M EDTA was c=nt-<- " 
-gee 10,000g x 10 min to p.- ecip.tated ^j, 

T US8d d : reStiy f ° r H?LC " 2C - » "-his ,yst..m, the whole 
? -" t " *><^*--* of <-.-37% £DS in 0.: M phessha- b ,...-.. 

f : .!- 2 3u;;er A) or «« ir. o.. „ Phos ; ha :;"— 

■ r '. FH 3 ' 3; (3!:;i ' Sr BK ^pounds in sample were 
"u-.ed ;or 12 minutes in 100% Suffer A, follow by a 
graoaent increasing linearly over 30 minutes to 100% 

:"i er . B - 5lUHnt VaS then through a series of 

^ -cuxometnc electrodes set at 60 mv increments 



R£- Model of „«,,„.. 

Female Sprague-Daviey rats received a unilat-al 
I" 3 ": 1 "- 01 12 ln 2 ul "line-ascorbate e-nydr'oxy- 
oopemn. (S-OHDA) into the medial forebrain bundle (-oor- 
din.-..,, ap-4.4; ML=1.1 ; w . 7 ..,. Completeness of t'he 
,es,on produced was assessed :o to 20 days postinfection 
by «i.n.p apomorphine (C.l mg/kg, subcutaneous iy (s c ), 
or ».amine (5 MgAg, s.c, induced rotational behav- 

, 7"'* **<*hnott. 3rain_Re^ 24:485-4 = 3 

(.570)). Prior to tran.-plantation, each animal „. 
jested at least twice on separate days to establish the 
ba-el.ne rota-cnal response to apomorphine or 



VVC >0/06" 



-49- 



PCI7USS9/05557 



amphe t amine for each animal. Animals turnir. . at a race 
c: more than 7 turns per minute , Schmidt et al., 
: . Neurochem. 35 : 737-745 ( 1 SS 2 ) ) were included in the 
study (at east 7 contralateral rotations/mi- following 
cpomorphine adminis trs t i or and at least 7 ipsilateral 
rotst ions/min towards the side of the lesion following 
am^hc tarn _ -e administration: 1? aromorchir.e --sted, 14 
am .etair.ine tested;. The average percent chance in the 
nu^bger of rotations from baseline to post-transplanta- 
tion vas compared in the 4 experimental croups of ani- 
mals . 

Graftinc of Fibrobl sts 

Confluent 10 cm plates of cultured TH-: .-Cted or 
nonmfected fibroblasts ve loosened from -.he plates in 
". ES containing C.C trypsin ana pipetted up n 7 ES up- 
plemr ted with 1 mg/ml glucose, C . 1 mg/ml MgCl 2 and 1 . 1 
mg/ml ZaCl2 (complete PES) plus 5k rat serum to inacti- 
vate the trypsin. The cells were washed twice with com- 
plete PES using centr i f ucat ion at 1000 X g and we -9 
resuspended in complete FES at a density of 30,000 cells 
per ul. Since graft placement has been shown to be cru- 
cial for recovery ~"rom rotational asymmetry ( Her r era et 
al. Brain Res. 2S: 7 :53-cl (1984); Dunnett et al., Scene. 
i^I^-L 522:29-37 (1983)), suspended cells were injected 
st* otaxically into 2 t 3 separate locations within the 
rc5 :ral ( coordinate s : A?=1.4; ML=2.0; DV=3.5-5.5 to 
A?=2 5; ML=1.5; DV=3.5/4.5) and caudal areas (A?=0.4; 
ML=3.0; DV-3,5/4.5) of the denervated caudate, A total 
of 4 yl were delivered in two equal deposits over a 1 to 
2 mm area at each site. Control lesioned animals 
received injections of ncninfected fibroblasts. 

?cs; ^Graftinc Eenavioral Testinc 

Grafted rats were terted for rotational asymmetry 1 
and 2 weeks following fibroblast graftinc. 
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HistClQCieal M»fhnn<: 

Following the final behavioral test, rats were 
ceeply anesthetized and perfused with 10% formalin" 
Erains were postfixed overnight, placed in 3C% sucrose 
for 4E hrs and then sectioned (40 ym) on a freezing 
microtoms. Aits mate actions ver* st&:r.«f for c;-~ S v: 
v:c_et, fiircnectin CF£ or TK using a pclvclonal ant - 
tyrosine hydroxylase antibody (Eugenetech, New Jersey) 
Enerly, the sections were rinsed in Tris-buf f ered-sal < ne 
(TBS) solution (pH 7.4) containing 0.25% Triton-X The 
sections were incubated for 24 hrs at 4°C with rabbit 
polyclonal antibodies to tyrosine hydroxylase dilut-d 
1:600 or polyclonal anti-f ibronect in diluted 1:2000 <n 
TES containing 0.25% Triton-X end 3% coat serum, t'ter- 
thorough rinsing, the actions were incubated - 0 - h -' 
v:th bictinylated goat anti-rabbit := G ( y, ctas- £ -' n) 
-luted 1:200 in 0.1 M TBS containing 0.25% Triton-X and 
-% gcat serum, followed by ..veral rinses in TBS centr- 
ing 0.25% Triton-X and 1% goat serum. The sections wo. e 
men incubated for 1 hr at room temperature with a com- 
plex of avidin and biotinylated horseradish Peroxidase 
(Vectastain, A3C kit, Vector Labs, Burlincame, CA) 
c:lu:.ed 1:100 in 0.1 M TBS containing 0.25% Triton-X and 
1% goat serum, followed by thorough rinses. The 
peroxidase was visualized by reacting with 0.05%, 
3,3-diaminobenzidine tetrahydrochloride (DAB) (Sigma 
Cnemical Co., St. Louis, MO) and 0.05% NiCl 2 and 0 0"% 
H 2 0 2 in TBS for 15 min at room temperature. Mounted s*~- 
tions were assessed for size and placement of fibrobla^ 
positive grafts. 

Ut*ll*m»r ^ . nhr ^,^ rnv r »=r«.'n n 

-eve-s ;f 

immortalized, rat fibroblasts ( 208F) were inf— d 
with LThRNL virus produced by the *2/TH producer cells 
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and 12 G-4 18-res is tant clcr.es were established. Table : 
shows the TH activity o: 3 cf thes- 11 3-418 resistant 
clones with the highest TH activity arc the TH activity 
of the i'2 oroducer line. The TH activity of the clones 
vith th- highest activity (clones 2C5F/TH-S and 
2 0E"VTH-11 ) contained aoorox imat e 1 v £ ouarter of the TH 



cair.ec tr.e nicne. . Tr. activity, was -tosen :cr rurtne: 
study . 

Tab Is 1 

TH Activity of Cell and Tissue Extracts 

Cell Line TH Activity* 

±2/TH 1.7 

108? 'TH-8 1 . 9 

: 08F/TH-11 : , 6 

: 08F/TH-9 : . 4 

I 0 8F/CONTROL C .0 

Rat Striatum 9.8 

*TH activity is expressed in units of 
pmoles DOPA/min/mg protein 



Fibroblasts Expressing TH Produce and Secrete L-DOPA . 

Cell extracts from .he 2 08/TK- 6 fibroblasts express- 
ing TH and control 208F fibroblasts were assayed for 
L-DOPA (Table 2). Only 267F/TH-8 cells cultured in media 
supplemented with 6MPH4 produced L-DOPA. Control cells 
did not contain any detectable amounts of L-DOPA. 
Dopamine and its metabolites DOPA and KVA were belov 
detectable levels in bcth 2C8F/TH-C and 2C8F/oontrol 
cells. 
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Table 2 

L-DOFA Concentration of Cell Extracts and Media 

L-DOFA Concentration 1 



Cell Clone Cell Exfrs.-f 



Cell Medi?= 



no SMPK4 2 +SMFH4 3 no 6M?K 4 2 -5M?TH 4 3 
2C3F/TH-8 <c. 25 1. 36 """n".^ 239 



''ST 'i DKTR! 1 <c . 



*• .In? con ; er ^ ra -^n is expressed in units o-' 

nanograms ( nc ) /mc .prote in for ceU ex-a?s in 
units of ng/hr/10° cells for cell media 

2. Cell incubated in normal media. 

3. Cells incubated overnight in normal media su-ole- 
nentec witr. 3.1 mM DL-6-MethV - = 7 r- supple 

• ■ =tranydropt~rin. " ~ ' " ' '° 

4. N.D. not determined 

As shown in Table 2, L-DOPA vas also detected in ^he 
media of the 208F/TE-B cells: 53 ng/hr per 10 6 cells in 
octroi 2D8F media and 239 ng/hr per 10 6 cells in 
TK-infected media. There vas no detectable DO? a., DA, 
MK?G or hva in the media. 

Histolocic Examr'n.^ on of c-rsf^ 

Fibroblast grafts survived intraparenchymal trans- 
plantation to many are.s within denervated caudate Sur- 
viving fibronectin positive grafts were typically moder- 
ate to large in size regardless of placement (Ficur* " 8A 
ana B). Only 4 out of 31 grafts were classified as 
non-surviving based on the confinement of fibronectin 
staining to the syringe tract (Figure 18C and D). S »*av- 
ioral aata from the rats with nonsurviving crafts v-e 
excluded fromstatistical analyses. TH iimnunoreact ' v^y 



V- O 90/06"? 



PCT/LS89/05557 



was not observed in the fibroblast either v itro or in 
vivo , 

Effect of Grafts on Rotational A5v^e:rv 

The number of druc-inducec rotations for < ach indi- 
vidual animal vere compared before and 2 eeks :fter 
v or 1 ar -.avion, Ro : at i cn: 1 i; - .. ^ : - or a » 2 vi:;. 
ape. orphir.r vere pooled with those from r^ts tested vith 
amphetamine since no difference vas seen between these 
grcup,. . 

Amelioration of rotational asymmetry vas dependent 
on graft placement. Rats v:ith firroolaa. urafts conrmed 
to cauda ?tr latum (Fig. 19 Top) ( A?=3 to C . 4 ) had no sic- 
nificant changes in rotational behavior. F.ats which had 
survivin- TH-infected fibroblasts i rostral caucat : 
striatum. ( AP = 1 . 4 to 2.2) showed an average 33% reduction 
in drug-induced rotations 2 weeks f cloving trans- 
plantation (Figure 19 Bottom). 

These results demonstrate that the rat cDNA coding 
for the TH gene can express functional TH enrymic activ- 
ity when stably transduced into fibroblasts. Fibroblasts 
expressing the TH gene can produce and secrete L-DOPA in 
v' trc , When these DOPA-produc ing f.brobiasts vere 
implanted into the rostral caudate region, they substan- 
tially and significantly reduce the rotational asymmetry 
in the rat model of ■ Parkinson T s • Since control 
fibroblasts do not produc detectable levels of L-DOPA in 
v ^cro and do not attenuate the rotational asymmetry of 
these rats, the ability cf tru.se DC°A-producing cells to 
attenuate these rat's rotational symmetry must be due 
solely to the presence of the TH gene within the cells. 
These data demonstrated an effect on rotational behavior 
for at least two weeks, ; ince ve wanted to correlate 
rotational behavior with histologic analysis. 
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The effect cf the DOPA-produc inc fibroblasts on 
rotational behavior were dependent on placement in the 
rostral caudate. Previous data utilizing fetal neuronal 
grarts into rats have shown that attenuation of rota- 
tional asymmetry is best achieved when the crafts a- 
placed into the rostral caudate, Dunnett. Since tb^ 
r ooblasts used cannot sprout axons, tr,, iccation of thf 

-epencant upon orooer cra-'t 

placement. * " 

The exact mechanism by which the DOPA-produc-" ng 
fibroblasts reduc* rotational asymmetry remains to b« 
aetermmed. Presumably, once L-DOPA is secreted, * h ~- 
remains enough caudate DOPA decarboxylase activity even 
wiznm ,hese totally denervated animals (Llovd *t'ai 
icienc, 170:1212-1213 (1970); Kornykiewicz, Britis h " 

C - 29:172-178 (197; } ' -° convert L-DOPA to doner * 
tnat tnen modifies drug-induced rotational b^hav^o-" 
Tms postulated mechanism of action of these DOPA-oroduc- 
^ cells would be consistent with the well established 
-ticacy of systems L-DOPA therapy for Parkinson's dis- 
ease (Calne, n. 5nc . , „ -^_Med^ 310:523-524 (1584)). * h «, m 
DOPA-produc ing fibroblasts are in effect small loca^I 
pumps of L-DOPA. 

' The ability, demonstrated in this example, to modify 
cells to produce L-DOPA broadens the search for -h- 
type or cell for transplantation therapy of Parkinson's. 
Ar.y cell that can be genetically-modified to exnr^ss 
TH gene and that can survive long-term in the bra'n w-h- 
out torminc a tumor or causing other damage, may be use"d. 
Altnougn these particular immortalized rat fibrose — 
nave not formed tumors for up to three months, orima-y 
=e~s such as primary fibroblasts or primary g i" ia i c- Us 
M7 ° ff€r thfi heretical advantage of decreased n-o-^n- 
*-ty ror tumor formation. In addition, the use o*f t- 
patients own primary cells for an autologous craft would 
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decree -e the chance of craft rejection. However, the use 

of imn realized cells such as the 20SF cells used in this 

example, does offer the advent :ce cf having large amounts 
of veil-characterized cells readily available. 

Tnese results demonstrate that a fibroblast can be 
cenetically-mc ' if ed to supply a function normally sup- 
tl.-i t*- ■:■ ' - ro: t;.ur-> ; ":.- i . t rer-.r.nc t;. - use c: 
fetal t.ssur or neuronal transplantation. Tru? ability 
to combine transplantation modalities with gene-trans f- r 
presents a powerful method for the treatment of CNS dys- 
function. Tne methods of the present invention may thus 
be used for treatment of other models of animal and human 
brain disease. 

It is apparent that many modifications and varia- 
tions c: thi- invention a £ t ; :rtn above m y be made 
without d- parting from the spirit and scop- : the pre- 
sent invention. The specific embodiments .cribed are 
give^ by way of example only and the invention is limited 
only by the terms of the appended claims. 
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We claim: 

1. A method for treating defects, disease or carnage to 
cells in the central nervous system comprising crafting 
donor cells into the central nervous system, said donor 
cells genftically modified so as to produce a molecule 
that directly or indirectly exert: an ameliorative effect 
or. said cds. 

2. The method of claim 1 wherein the step of crafting 
said donor cells comprises introducing said donor cells 
into the brain of a subject. 

3. Th~ method of claim 1 wherein the step of grafting 
said donor cells comprises introducing said donor cells 
into the spinal cord of a subject. 

4 * Tk£ mrthod of = l£im 2 or 3 vhersin said introducing 
comprises incr ac-: rebral , intraventricular, subdural space 
and intravenous injection. 

5. The method of claim 1 wherein said donor cells are 
modified by ins-: rt ion of a therapeutic trar.scene into 
said cells. 

6. The method of claim 5 wherein said step of insertion 
comprises inserting a vector carrying said trar.scene, 
said vector selected from the group consisting of viral, 
retroviral, and neurotropic virus. 

The method of claim 6 wherein said vector is a her- 
pes virus vector. 

E. The method of claim 6 wherein said vector is a 
rabies virus vector. 

9. The method of claim 6 wherein said vector is a 
retroviral vector. 
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10, The method cf claim 9 wherein said retroviral vector 
is the retroviral vector pLN.SRNL having a final con- 
struction as shown in Figure 1. 

11. The met hoc of claim' 9 wn-,rein said retrcv.ral vector 
is the retroviral vector pLTKRNL having a final construc- 
tion as shown Figure 6. 

i; . The method of claim 5 wherein said step c: insertion 
into donor cells comprises nonviral physical transfection 
of DMA encoding a transctne. 

13. Th£ method of claim 12 wherein said nonviral physi- 
cal tr:nofocticn comprises microinjection of DNA encoding 
a transgenv . 

1: . The method of claim 5 wherein said st-p of insertion 
int. donor izlls comprises c lect rope-rat ion . 



15. The method of claim 5 wherein said step cf insertion 
into donor cells comprises chemically mediated 

trans feet ion* 

16. The method of claim 15 wherein said chemically medi- 
ated transf ect ions comprises calcium phosphate 
transfection. 

17. The method of claim 5 wherein said step of insertion 
into donor cells comprises liposomal mediated 

transf* ct ion. 

18. The method of claim 1 wher-in said molecule is 
selected from the group consisting of grower, factors, 
enzymes , gancliosides , antibiotics , neurotransmitters , 
neurohormones, toxins, neurite promoting molecules, anti- 
metabolites and precursors of said molecules. 

19. The method of claim IS wherein "aid molecule is 
nerve arowth factor. 
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20. The method of claim 18 wherein said moleou'* 
tyrosine hydroxylase. 

'he me , hod of. claim 18 wherein said molecule is 



1-DOPA. 



^2. Tne method of claim 1 * u -<-'-er • 

~ " - 3m ?rising co-acminis- 
on °- --hers:-ut:c agent - -.-. £ - s .,, . 

-nb aj. ntrvous system. 

23. The msthod of el.U 22 wherein said therac=uti- 

.r s '- le : ted . from tne »«i."n, o/ gr ;:; h 

-a-.o s, cangl 10Si des, antibiotics, neurotransmit Ws 
neurohormones, toxins, antimetabolite neu - ; _ . 
molecules and precursors of these ag^s ^ J>r °" 6t " , > 

:4. Ih. m.thod of el«i» 22 vh^in said therap-u-ic 
=g-nt -.-iUula: mates r. •»-'«»e 

«" -™ tne group consisting of ad-=nal 

™ifin :tUt , fetal br.in tissue cells and pUetBttl 

to ^^-.ate r™ ^ n r 

of injured neurons. °»--«..t,v. xater.ction. 

a .rom tne croup consisting of homogenate o- 
o.a homogenate of placenta, vhole sens, synthetic 
mater.,1, nsur.te promoting extracellular „,a-i y and 
genetically modified donor cells. " 

s-l.-ec ,.om tne gro Up consisting of fibrobia-s .. u 

rons, glial cells, keratinorytes -=p~o-^ 

cells and chromaffin .. r , °-^«, ependymai 
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